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Whether you're trying to find 
your way to an unfamiliar location 
or need assistance in an emergency, 
ICOM mobiles help vou find your 
way. ICOM's dependable mobiles 
steer you to a friendly voice or a 
helping hand. 

Most Popular Mobiles. 

ICOM’s popular mobiles 
include the 2-meter IC-28A and 
IC-28H, 220MHz IC-38A, 
440MHz IC-48A and 2-meter/ 
70cm dual band IC-3200A. 

21 Memories. 

Store frequency, offset and 
tone, with an offset check button 
on the front panel. The IC-3200A 
features It) fully tunable memories. 

Pocket Perfect. 

The IC-28/38/48 series includes 
a high speed microprocessor and 
switching circuit for superb packet 
ing! 

Top Features. 

• Band and Memory Scanning 

• Compact Size 

• All Subaudible Tones Built-In 

• Backlit LCD Readout with 
Dimmer 

• DTMK Mic Included 



“I feel any company willing to build radios 
as survivable as my IC-28A deserves my 
ham radio dollars.. 


Options. 

Options include the UT-28 dig¬ 
ital coded squelch, SB 10 speaker, 
HS-15/HS-15SB boom mic and BTT 
switchbox and PS-45 AC power 
supply. 

ICOM Mobiles. 

Don’t be lost without them. 
Kind them at your local ICOM 
dealer. 


onaman Stan AH6GJ 

Ate» tttDpcaJ s*ym in which he was instrumental'h 
the rescue ol stranded revdents Kahului Hawai 



ICOM 


ICOM America, Inc. 

2380 1 16 th Avenue N E . Bellevue. WA 98004 Customer Service Hotline (206) 454-7619 

3150 Premier Drive. Suite 126, Irving. TX 75063 • 1777 Phoenix Parkway Suite 201. Atlanta. GA 30349 

ICOM CANADA A Division ol ICOM America. Inc . 3071 • #5 Road. Unil 9. Richmond B C V6X 2T4 

All stated specifications subject to change without notice or obligation All ICOM radios significantly exceed 
FCC regulations limiting spurious emissions Mobiles l88 




THE ALL NEW PRIVATE PATCH IV BY CSI HAS MORE 
COMMUNICATIONS POWER THAN EVER BEFORE 


• Initiate phone calls from your HT or mobile 

• Receive incoming phone calls 
..j, w Telephone initiated control. .. 

Operate your base station with complete control from any telephone 

Change frequencies from the controlling telephone 

Selectively call mobiles using regenerated DTMF from any telephone 

Eavesdrop the channel from any telephone 

Use as a wire remote using ordinary dial up lines and a 

speaker phone as a control head. 


1 ’ DIAL ACCESS REMOTE /INTERCONNECT - 

1 * 

Private Patch W. 
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The new telephone initiated control 
capabilities are awesome. Imagine 
having full use and full control of 
your base station radio operating 
straight simplex or through any re¬ 
peater from any telephone! From 
your desk at the office, from a pay 
phone, from a hotel room, etc. You 
can even change the operating 
channel from the touchpad! 

Our digital VOX processor flips your 
conversation back and forth fully 
automatically. There are no buttons 
to press as in phone remote 
devices. And you are in full control 
100% of the time! 

The new digital dialtone detector 
will automatically disconnect Pri¬ 
vate Patch IV if you forget to send # 
(to remotely disconnect) before 
hanging up. This powerful feature 
will prevent embarassing lock-ups. 

The importance of telephone in¬ 
itiated control for emergency or 
disaster communications cannot be 
overstated. Private Patch IV gives 
you full use of the radio system from 
any telephone. And of course you 
have full use of the telephone 
system from any mobile or HT! 

To get the complete story on the 
powerful new Private Patch IV con¬ 
tact your dealer or CSI to receive 
your free four page brochure. 

Private Patch IV will be your most 
important investment in commun¬ 
ications. 
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- NEW FEATURE 

* u or multi nqii corinecbdiscon' 
nect 

Fully rogonoraied tone dialing 

• Pulse dialing 

• Toll protection 

• Secret loll override code 

• Busy signal di v.unnecl 
^ Uiallone d’scon nect 

• CW identification 

• Activity timer 

• Timeout timer 
Telephone initialed control 
Regenerated tlTMF selective calling 

• Rmgout 

Rmgout or Am(i Answei on 1 8 rings 

• Busy channel rmgout inhibit 
Status messages 
Internally ;qui'*lched audio 

• MOV tightoinr. protection 
Front panel status led s 
Separale CW D level control 

2A dm switches make all features 
user programmable*selectable 


■ Connects to MIC and ext. 
speaker jack on any radio. Or 
connect internally if desired. 

■ Can be connected to any HT. 
(Even those with a two wire inter¬ 
face.) 

■ Can be operated simplex, 
through a repeater from a base 
station or connected directly to 
a repeater for semi-duplex opera¬ 
tion. 

■ 20 minutes typical connect time 

■ Made in U.S.A. 


OPTIONS 

1 Vi second electronic voice delay 

2. FCC registered coupler 

3. CW ID chip 

Connect Systems Inc. 

23731 Madison St. 
Torrance CA 90505 
Phone: (213) 373-6803 
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ACTUAL SIZE FRONT PANEL 


TM-721A 

Deluxe FM dual bander 

The Kenwood TM-721A re-defines 
the original Kenwood “Dual Bander" 
concept. The wide range of innova¬ 
tive features includes a dual channel 
watch function, selectable full duplex 
operation, 30 memory channels, 
extended frequency coverage, large 
multi-color dual digital LCD displays, 
programmable scanning, and more 
with 45 watts of output on VHF and 
35 watts on UHF. TM-721A—Truly the 
finest full-featured FM Dual Band 
mobile transceiver! 

1138 000 

173.995 MHz) on 2 meters; 70 cm cover 
age is 438.000 449.995 MHz (Specili 
cations guaranteed on Amateur bands 
only. Two meter transmit range is 144 148 
MHz Modifiable lor MARS/CAP Permits 
required > 

• JO multi-function memory channels. 

14 memory channels and one call 
channel lor each band store frequency, 
repeater offset. CTCSS, and reverse 
Channels “A” and “b" establish upper 
and lower limits for programmable band 
scan. Channels "C" and "d" store transmit 
and receive frequencies independently 
for "odd splits'.' 


• Separate frequency display for 
“main" and sub band' 

• 45 Watts on 2 meters. 35 watts on 

Approx 5 waits low power 

• Callchannel f inction Aspecial 
memory channel for each band stores 
frequency, offset, and sub-tone of your 
favorite channel Simply press the CALL 
key. and your favonte channel is selected 1 

• Automatic Baud Change (A B,C.) 
Automatically changes between main 
and sub-band when a signal is present. 

• Dual watch function allows VHF and 
UHF receive simultaneously 

• CTCSS encode/decode selectable 

or UP/DWN keys on 
microphone (Encode built in optional 
TSU 6 needed lor decode) 

• Balance control and 
separate squHch 


• Dual antenna ports. 

• Full duplex operation. 

• Programmable memory and band 
scanning, with memory channel 
lock-out and priority watch function. 

• Each function key has a unique tone 
for positive feedback. 

• Illuminated front panel controls 
and keys 

• Dimmer control 

• 16 key DTMF mic. included. 

• Handset/remote control option 
(RC-10) 

• Frequency (dial) lock. 

16-key DTMF 

hand true. mounting bracket, DC cable. 


Double Vision 


Optional Accessories 

RC-10 Multi function handsct/remi >te 
conlrolle PS-430 Powei supply TSU-6 
CTCSS decode unit SW-ioob mpact 
SWR/power/volt meter SW-200B Deluxe 
SWR/power melei SWT-1 2m antenna 
tuner SWT-2 7f cm .tnlennu tuner SP-40 


i'iim|i,!.1md le .peaket SP-50B Deluxe 
PG-2N l )( it PG-3B 
DC line noise tiller MC-60A, MC-80, 
MC-85 1 MA-4000 i i 

band mobile antenna (mount not supplied) 
MB-11 Mobile lira ;ket MC-43S UP/DWN 
hand mu MC-48B 16-key OTMf hand mx 
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I was just dreaming the other day. 

Ya know, a big push is being made to get Novices on 220 MHz. Thousands of dollars are being 
spent on promotional campaigns, training programs, and the like. Volunteer instructors, the heroes 
of Amateur Radio, have missed countless meals, sleep, and other obligations to bring the message 
of Amateur Radio to potential new Novices. 

As I turn the pages of Amateur magazines from around the world, I see numerous examples of 
some of the finest solid-state engineering ever done — hf, VHF, UHF and above; multiband, multi- 
mode — everything. 

But... 

In this age of Novice enhancement, to get on 2 and 1.35 meters, you need to buy two different radios. 

Why ? 

For years, radios have been available that cover both 2 and .75 meters. Technically it is relatively 
easy to do: divide by 3 (440 MHz/3 = 146.67 MHz). A simple tripler circuit in the PLL and a few 
rf deck modifications and you're ready to go. While in many areas .75 meters is a very useful band, 
up here in the hinterlands repeater coverage is spotty at best. I tried a multiband radio for a while 
but 440 really did little for me. On the other hand, 1.35 meters has very interesting possibilities. Coverage 
is more like 2 meters and there are several very good 220-MHz machines in the area. 

With all the advances in solid-state design, it really shouldn't be too hard to come up with a single 
box to cover both 2 and 1.35 meters. The tricky part will be engineering the PLL. My guess is that 
the rf deck would be relatively straightforward and easy to build. However, I will leave that to the 
experts. 

Besides tapping a potentially large market, this new radio would stimulate additional activity on 
both bands and, through increased usage on 220 MHz, help Novices join in the mainstream of Amateur 
activity. 

We have a responsibility to ensure that Novices learn to be the good hams we want them to be. 
All too often it has been said that giving Novices 1.35 meter privileges does not enhance the Amateur 
licensing one bit. Wrong. Novices are using their voice privileges daily around the United States. 
It has already been shown that they can be integrated into a broader spectrum of Amateur frequen¬ 
cies without a major disruption in overall operation. 

How about it, manufacturers? Can you do it? You'll sell a lot of radios and get more of us on 220 
MHz. It's a win-win situation. 

What do you readers think? I'm very interested. Let me know. 


J. Craig Clark, IM1ACH 
Assistant Publisher 
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Affordable DX-ing! 

TS-140S : 


HF transceiver with general 
coverage receiver. 

Compact, easy-to-use, full of oper¬ 
ating enhancements, and feature 
packed. These words describe the 
newTS-140S HF transceiver. Setting 
the pace once again, Kenwood intro¬ 
duces new innovations in the world 
of "look-alike” transceivers! 

• Covers all HF Amateur bands with 
100 W output. General coverage re 
ceiver tunes from 50 kHz to 35 MHz 

(Hece/ve* spcciinjjtion'.; guatunteeti if on) 

no kHz in m Mil/ 1 Modifiable lor HF 
MARS operation, ifermi ret mired 

• All modes built-in. LSB. USB. CW. FM 
and AM 

• Superior receiver dynamic range 

Kenwood DynaMix" high sensitivity 
direct mixing system ensures true 102 
dB receiver dynamic range 



• New Feature! Programmable band 
marker. Useful for staying within the 
limits of your ham license For con- 
testers, program in the suggested 
frequencies to prevent QRM to non- 
participants. 

• Famous Kenwood interference 
reducing circuits. IF shift, dual noise 
blankers, RIT. RF attenuator, selectable 
AGC, and FM squelch. 



1 


• M. CH/VFO CH sub-dial. 10 kHz step 
tuning (or quick QSV at VFO mode, and 
UP/DOWN memory channel for easy 
operation. 

• Selectable full (QSK) or semi 
break-in CW. 

• 31 memory channels. Store fre 
quency, mode and CW wide/narrow 
selection Split frequencies may be 
stored in 10 channels for repeater 
operation. 

• RF power output control. 

• AMTOR/PACKET compatible! 

• Built-in VOX circuit. 

• MC-43S UP/DOWN mic. included. 
Optional Accessories: 

• AT-130 •rttpir 1 nnli.'iu i tuner • AT-250 tutu 
in.tit trtlt•(in.t lutit.'i • HS-5/HS-6/HS-7 ‘ t.Mtl 
phi t„ • IF-232C/IF-10C tnpulct inletl.ji i 

• MA-5/VP-1 Hf tt ini.. .inlentM i‘> t' tno 

• MB-430 ket " MC-43S 

UI'.'POWN I'.mcl m • MC-55 |8 pint i " v >f, k 
mobile (Die • MC-60A/MC-80/MC-85 desk mics 

• PG-2S •' • PS 430 . 

• SP-40/SP-50B ft.lt - .[ if ikef. * SP-430 

. .!.•!!,.it .(» ,h.fSW-100A/SW-200A/SW-2000 
SWU I A'l't 'If '• • TL-922A kWPI Pltrtf >' 

ampWti 1 • TU-8Cl 

•VG-455C-1 t!/ i It 'I. «t' ‘ W till* YK-455C-1 
Now f>00 Hz CW tllteM 



i-^ * ^ f t kW, r .>t ; ' / 

<~mm •• « W MM * 

ON Ml '* *.'• •« 

KENWOOD •* 

1 MtMORT 1 M CH/VFO CM 1 WOO£ 1 

M*-V ICAff tBP/ r Cv»/N 

% w fcU '‘ a - 

AGC 

.SENO/R 6 C. P«OC-ALC/PWA. ATT • FAST/SlOW* VOX 


i l i D n n n 
I 1. L U U. U 
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TS-680S 


All-mode multi-bander 

• Itin (50 54 MHzi lOWoutpul plus Ult HF 
Artmleui Luinds (100 Woulpiil) 

• I xlonded 6m ret otvei frequencyranyi; 46 MHZ 
It 60 MHz Specs guaranteed Imm 50 to 54 MHz 

• . , • f tit" is 140Sexieptitpiinn.il 

VOX (VOX 4 tequiiud lor VOX opeialton) 

• Preamplitiei tor 6 .Ift'1 10 mtrier band 


■ “Z" 

>n*fn .-u 

' * 

■f*)' 

0 

- „ ■■ 
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Contph‘lt‘ . 1 Vvii r lot nit 
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REFLECTIONS 


A Passionate Plea 

Whatsa matter ? Haven't we supplied you with enough information on matching your transmitter to your 
antenna without having to put a full gallon and a half on the air while loading up? Must you have that 
last milliwatt going into your antenna system? Don't you hear the cries of anguish from 30 guys writhing 
in pain as they scramble to cut back on their gain controls after having fully advanced it for that extremely 
weak HL5? 

About once a year it seems necessary to remind a few of you that there are other ways to make certain 
that maximum power transfer occurs during operation, without having to first load up on the air. 

Let's take it in steps. First let's find that 50-ohm setting on your amplifier or exciter. This is where a 
dummy load comes in. There are several good commercial units available or you can make one with a 
50 or 100 watt noninductive resistor immersed in a gallon can of oil. Second, connect your transmitter 
or amplifier to this 50-ohm load (put a power meter in line if you happen to have one) that will take the 
power for at least a few seconds. Then adjust the tune and load controls until your output and other meter 
indications are what they should be for the given operating mode and tube ratings. Keep in mind that you 
don't want your SSB performance to suffer by trying to get out that last possible watt of power. Once 
you've determined the correct settings mark them with tape or crayon, or jot down the numbers off the 
apron of the knobs or mechanical readout for each band and segment that you intend to operate. 

Next, get or make a noise bridge. (We've had several good construction articles like "A Modern Noise 
Bridge", March 1983, page 50.) Set it for 50 ohms resistive and 0 ohms reactive — or whatever the charac¬ 
teristic impedance of your system is. Connect it to the coaxial output of the transmatch or antenna coupler 
(the one that's marked 'to the transmitter') and connect the other port of the bridge to your receiver (trans¬ 
ceiver). For heaven's sake, don't apply rf power from your transmitter unless you have stock in the noise 
bridge company. Adjust your antenna coupler until you hear minimum noise in the receiver. Mark down 
these settings and reconnect your transmitter to your antenna. You should be pretty darn close to match 
at this point. 

I can hear you muttering, "Why did the editor waste all this space on this subject? This is ham radio 
magazine and the majority of readers are technically sharp and know this and other matching procedures 
forwards and backwards." If this is true, why do I hear so many carriers in the extra and advanced portion 
of the bands? 

One more small point while I've got your attention: PLEASE ask first to see if the frequency is occupied 
before starting a call — CQ, sked, or otherwise. It's possible that while you might not hear the DX station, 
others do and your bodacious signal will obliterate the weak signals. Recently a certain W2, hell-bent on 
working a particular contest, called probably 10 CQs in a row without raising any DX while right under¬ 
neath him an LU2, several JAs, and a Korean station were on. This occurred on 3799 and I'm sure he 
was oblivious to it. If he had bothered to ask, I can assure you that at least one DX'er would have apprised 
him of the situation. 

I could go on about leaving DX windows clear during contests for very weak signal work, unless of course 
you are the proverbial shooting fish in the barrel type, but I think you've heard enough from me for this 
issue. Just please be easy on your fellow ham's ears — those nerves just don't regenerate! 

Rich Rosen, K2RR 
Editor-in-Chief 
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220: FM for All! 



Kenwood brings you a wide range 
of 220 MHz gear designed for every 
need. Choose from two types of mobile 
and two types of HT. The TH-315A is a 


TH-315A 

Full-featured 

HT 


kenv/ooo 



full-featured HT covering 220—225 
MHz. Ten memory channels and 2.5 
watts of power. (5 W with PB-1 or 
12 V DC) Uses the same accessories as 
the TH-215A for 2 meters or TH-415A 
440 MHz. For truly “pocket portability," 
choose the TH-31BT, a thumb-wheel 
programmable, 1 watt unit. For mobile 
use, select theTM-321AorTM-3530A 


.AIM WTCM* 


TM-321A 

Compact mobile 
transceiver 


#/ 


The TM-321A is the 25 W, 220 MHz, 
14-memory version of the super popular, 
super compact TM-221A. The 25-watt 
TM-3530A has 23 memories, a 15 tele¬ 
phone number memory and auto dialer. 
Direct keyboard frequency entry and 
front panel DTMF pad enhances oper¬ 
ating convenience. Novice to Amateur 
Extra, these transceivers will put 
everyone on the air “Kenwood Style"! 

TH-31BT/31A 
Pocket-held HT 



TM-3530A 

Full-featured mobile transceiver 


The TM-321A comes with 16-key DTMF mic. 

A complete line of accessories is available for all models. 

Complete service manuals are available lot all Kenwood transceivers and most accessories • 
Specifications and prices are sub/ect to change without notice or obligation 
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MFJ multi-mode 
data controller 



MFJ shatters the 6 mode barrier and the price barrier 
with the MFJ-1278 and gives you ... Packet, RTTY, 
ASCII, CW, WEFAX, SSTV and Contest Memory Keyer 
... 7 digital modes ... for an affordable $249.95 


Amateur radio's newest multi-mode 
data controller - the MKJ-1278 - lets von 
join the fun on Packet. RTTY. ASCII. 

CW. Weather FAX. SSTV and gives you a 
full featured Contest Memory Keyer 
mode ... you get 7 modes , . . for an 
affordable $249.95. 

Plus you get high performance HF/VHF/ 
CW modems, software selectable dual 
radio ports, precision tuning Indicator. 
32K RAM. AC power supply and more. 

You'll find it the most user friendly of 
nil multi-modes. Il's menu driven for ease 
orusecmd command driven for speed. 

A high resolution 20 LED tuning 
indicator lets you tune In signals fast in 
any mode. All you have to do is to center 
a single LED and you're precisely tuned 
In to within 10 Hz ■- and it shows you 
which way to tune! 

All you need to join the fun Is an 
MF.J-1278. your rig and any computer 
with a serial port and terminal program. 

You can use the MF.J Starter Pack to 
get on the air instantly. Il Includes 
computer Interfacing cable, terminal 
software and friendly instructions . .. 
everything you need to get on the air fast. 
Order MFJ-1282 (disk)/MFJ-1283 (tape) 
lor the C'-64/128 and VIC-20 or MFJ 1284 
for the IBM or compatible. $ 19.95 each. 

Packet 

Packet gives you I he fastest and most 
reliable error-free communications of 
any amateur digital mode. 

With MFJ's super clone of the industry 
standard -- the TAPR TNC-2 -• you get 
genuine TAPR software/hardwarc plus 
more - not a "work-a-llke" imitation. 

Extensive tests published in Packet 
Radio Magazine ("HF Modem Perform¬ 
ance Comparisons") prove the TAPR 
designed modem used In the MFJ 1278 
gives better copy with proper DCD 
operation under all tested conditions 
than the other modems tested. 

Hardware DCD gives you more QSOs 
because you gel reliable carrier detect ion' 
under busy, noisy or weak conditions. 

A hardware HDLC gives you full 
duplex operation for satellite work or for 
use as a full duplex digipcaler. And. il 
makes possible speeds In excess of 56K 
baud with a suitable external modem. 

Good news for SYSOPs! New software 
lets the MFJ-1278 perform flawlessly as a 
WORLI/WA7MBL bulletin board TNC. 

Baudot RTTY 

You can copy all shifts and all 
standard speeds including 170. 425 and 
800 Hz shifts and speeds from 45 to 300 

MFJ 
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baud. You can copy not only amateur 
RTTY but also press, weather and other 
exciting traffic. 

A high performance modem lets you 
copy both mark and space for greatly 
improved copy under adverse conditions. 
It even tracks slightly drifting signals. 

You can transmit both narrow and 
wide shifts The wide shift is a standard 
850 Hz shift with mark/space tones of 
2125/2975 Hz. This lets you operate 
MARS and standard VHF FM RTTY. 

You gel both the American Western 
Union and the international CCITT 
character sets. Autostart for unattended 
reception and selectable ' Diddle''. 

A receive Normal/Reverse software 
switch eliminates retuning and Unshllt- 
On-Space reduces errors under poor 
receiving conditions. 

ASCII 

You can transmit and receive 7 hit 
ASCII using the same shifts and speeds 
as in the RTTY mode and using the same 
high performance modem. You also get 
Autostart and selectable "Diddle'' 

CW 

You get a Super Morse Keyboard mode 
that Ids you send perfect CW effortlessly 
from 5 to 99 WPM. including all prosigns 
- it’s tailor-made for traffic handlers. 

A huge lype ahead buffer lets you send 
smooth CW even if you "hunt and peck". 

You can store entire QSOs in (he 
message memories, if you wanted to! 

You can link and repeat any messages for 
automatic CQs and beaconing. Memories 
also work In RTTY and ASCII modes. 

A tone Modulated CW mode turns 
your VIIFFM rig Into a C'W t ranscetuer for 
a new fun mode. It's perfect for 
transmitting code practice over VHF FM. 

An AFSK CW mode lets you ID in CW. 

The CW receive mode lets you copy 
from I to99 WPM. Even with sloppy fists 
you'll be surprised at the copy you'll get 
with its powerful built-in software. 

You also get a random code generator 
that'll help you copyCW faster. 

Weather FAX 

You'll he fascinated as you watch 
WEFAX signals blossom into full 



MFJ ENTERPRISES, INC. 

Box 494. Miss. State. MS 39762 
601-323-5869 Telex: 53-4590 MFJSTKV 


fledged weather maps on your printer. 
Other Interesting FAX pictures can also 
be printed - such as some news 
photographs from wire services. 

Any Epson graphics compatible 
printer will print a wealth of Interesting 
pictures and maps. 

Automatic sync and stop lets you set 
it and leave it lor no hassle printing. 

You can save FAX pictures and 
WEFAX maps to disk If your terminal 
program lets you save ASCII files to disk. 

Pictures and maps can be printed to 
screen tn real lime or from disk on IBM 
and compatibles with the MFJ-1284 
Starter Pack 

You i an transmit FAX pictures right 
off disk and have fun exchanging and 
collecting them. 

Slow Scan TV 

The MFJ-1278 introduces you to the 
exciting world of slow scan TV. 

You'll not only en joy receiving 
pictures from thousands of SSTVcrs all- 
over t he-world but you can send your 
own pictures to them. too. 

You ran print slow scan TV pictures on 
any E|Json graphics compatible printer. If 
you have an IBM PC or compatible you 
can print to screen in near real time or 
from disk with the MFJ-1284 Starter Pack. 

You can transmit slow scan pictures 
right off disk --1 here's no need to set up 
lights and a camera for a casual contact. 

You can save slow scan pictures on disk 
from over-the-air QSOs if your terminal 
program lets you save ASCII files. 

The MFJ-1278 transmits and receives 
8.5. 12. 24. and 36 second black and white 
formal SSTV pictures using two levels. 

Contest Memory Keyer 

Nothing beats the quick response of a 
memory keyer during a heated contest. 

You'll score valuable contest points by 
completing QSOs so fast you'll leave vour 
competition behind. And you can snag 
rare DX by slipping in so quickly you'll 
catch everyone by surprise. 

You get lambicopcralion with dot- 
dash memories, self-completing dots and 
dashes and jam proof spacing 

Message memories let you store contest 
RST. QTH. call, rig info - everything you 
used to repeat over and over. You'll save 
precious time and work more QSOs. 

You gel automatic incrementing serial 
numbering In a contest it can make the 
difference between winning and losing. 

A weight control lets you penetrate 
QRM with a distinctive signal or lets your 
transmitter send perfect sounding CW. 

More Features 

Turn on your MFJ-1278 and It sets 
itself to match your computer baud rate. 
Select your operating mode and the 
correct modem is automatically selected. 

Plus ... printing in all modes, 
threshold control for varying band 
conditions, tune-up command, lithium 
battery backup. RS-232 and TTL level 
serial ports, watch dog timer. FSK and 
AFSK outputs, output level control, 
speaker Jack for both radio ports, lest and 
calibration software. Z-80 at 4.9 MHz. 32K 
EPROM, and socketed lCs. FCC approved. 
9xl'/2x9V» inches. 12VDCor 110 VAC. 

Get yours today and Join the fun crowd! 

FOR YOUR NEAREST DEALER 
or to order call toll free 

800-647-1800 

One Year Unconditional Guarantee 


making quality affordable 
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transmission beeper 
hits discordant notes 

Dear HR: 


Six pages for an end of transmission 
beeper? Not only are these things an 
noying, but I would question their le 
gality for use on hf. They certainly do 
not qualify as A1, A3, A4, A5, F3, F4 
or F5. They come closest to A2 (am¬ 
plitude tone modulated CW) since they 
convey information via an a m 
tone...no different than sending an 
amplitude modulated "K" for end of 
transmission. 

We have enough noise on our bands 
without encouraging bleep-bloops. 
Wham's wrong with just saying, 
"over?" 

Richard A. Nelson, WB0IKN, 
Fort Collins. Colorado 80524 


Dear Rich: 

I have a bone to pick with you. 
Rich. The January issue of ham radio, 
somehow conveys to me that your 
sense of priorities in the selection of 
articles to be printed in the magazine 
is all screwed up. 

Over the past few weeks, I have 
been playing around with various CW 
programs for my C 64. I was never 
pleased with the results. Being a rank 1 
novice at programming, I struggled to 
get the dash dot ratios and the word 
spacings to my satisfaction. When all 
of a sudden as I was paging through 
the recent issue of ham radio, I find an 
article that perhaps would give me 
what I sought a solution to the 
rather "sloppy" sending of computer¬ 


ized CW programs. You can imagine 
my disappointment when the program 
was not listed at the end of the article. 

Now I can appreciate your problem 
about space in the magazine. With 
your organization no longer providing 
mailing covers on the magazine, and 
with the magazine arriving tattered, 
torn and dog-eared, I can really empa 
thize with you. So I was ready to let 
sleeping dogs lie, until I continued 
on through the issue and found the 
most useless waste of print in years 
in an article entitled "Build a QSO 
Beeper'". 

Now, really Rich, we need this sort 
of thing on the bands like we need 
another hole in the head. Can't you 
imagine what a crowded band like 20 
meters or 75 meters would sound like? 
It would remind me of trying to go to 
sleep on a hot night when all the crick¬ 
ets are chirping away. Once again I 
could forgive you for a lapse in good 
judgment, but not for wasting six good 
pages on the beeper article when you 
couldn't spare seven pages for a de¬ 
cent computer CW program! 

This sort of thing has put me on hold 
for a few weeks because I must now 
wait for a copy of the program from 
you or pay 8 bucks for a programmed 
disk. 

You must realize by now, that your 
readership is of a high caliber and will 
not put up for long with articles of this 
type. 

Tony Sivo. W2FJ 
Plainsboro, New Jersey 08536 


on the other hand... 

Dear HR: 

Congratulations on your January 
1988 edition. Every article and item 
was crammed with information at just 
the right level for we non engineers, 
non-appliance operator Amateurs, and 
hobbyists who still build, experiment, 
and improve our equipment. Hope you 
can keep it up. 

John Browning, Buena Park. CA 

90620 


Are you 
radioACTIVE? 



Dean LeMon, KR0V sure is! Dean 
got active in Amateur Radio when 
he was 16 years old and earned his 
Extra Class license in less than four 
years! “It’s a facinating hobby and a 
great way to meet all kinds of new 
people from all over the world." 

Dean has cerebral palsy and got 
started in Amateur Radio with help 
from the Courage HANDI-HAM 
System. The HANDI-HAM System 
is an international organization of 
able-bodied and disabled hams who 
help people with physical disabili¬ 
ties expand their world through 
Amateur Radio. The System 
matches students with one to one 
helpers, provides instruction mate¬ 
rial and support, and loans radio 
equipment. 

Isn't it time you got radioACTIVE 
with the Courage HANDI-HAM 
System? 

Call or write the Courage 
HANDI-HAM System 
WOZSVV at Courage Cen¬ 
ter, 3915 Golden Valley 
Road, Golden Valley, Min¬ 
nesota 55422, phone (612) 
588-0811. 


Are you 
radioACT/ME? 
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high dynamic range mixing 

with the Si8901 


Extends intermod 
HF/VHF performance 
at lower drive 


The dynamic range of a mixer is intimately related 
to how well its intermodulation products are sup¬ 
pressed, how well the mixer can handle high-level sig¬ 
nals, and its overall noise figure. Whether a mixer 
offers conversion gain or loss is secondary to the 
benefits derived from a high dynamic range. In fact, 
conversion gain simply transfers the problems asso¬ 
ciated with dynamic range from the mixer to subse¬ 
quent amplifier stages. 

Until now, most mixers sporting a high dynamic 
range have required a correspondingly high local os¬ 
cillator drive, as shown in the performance compari¬ 
son in fig. 1 . The popular diode-ring double-balanced 
mixer (DBM), shown in fig. 2, often requires the local 
oscillator power to exceed the signal compression level 
by at least 6 dB. 

The Siliconix Si8901 DBM (fig. 3) is a monolithic 
quad-MOSFET ring demodulator especially suited for 
hf and low VHF operation where, operating as a com¬ 
mutation (switching) mixer, it is capable of two-tone, 
third-order input intercepts exceeding + 37 dBm and 
a 2-dB signal overload compression and desensitiza¬ 
tion of + 30 dBM — all at a local oscillator drive level 



of only + 17 dBm (50 mWl! An additional benefit of 
this low local oscillator drive results when, in combi¬ 
nation with the traditionally high interport isolation af 
forded by DBM design, little re-radiated power exits 
the mixer through the signal port. 

The Si8901 is available in the hermetic TO-99 pack¬ 
age, suitable for full military applications, as well as 
in a surface-mount SO 14, which is useful for mod¬ 
ern industrial and Amateur applications where high dy¬ 
namic range is mandatory. 

theory of operation — 
conversion efficiency 

Unlike the diode-ring mixer, the commutation mixer 
relies on the switching action of the quad-MOSFET 
elements to effect mixing action. Consequently, the 
Si8901 is, essentially, a pair of switches reversing the 
phase of the signal at a rate determined by the local 
oscillator frequency. Ideally, we would expect little 
noise. Since the MOSFET exhibits a finite on-resis¬ 
tance, the conversion efficiency is expressed as a loss. 
This loss results from two related factors: first, the 
r D s(on) of the MOSFETs relative to both the signal 
and i-f impedances, and second, signal conversion to 
undesired frequencies. 

The effect of r D s(on) on both the signal and the i-f 
impedances (R g and R|_, respectively) may be derived 
from analysis of an equivalent circuit (fig. 4), assuming 
the local oscillator drive is an idealized square wave. 
The term 4/ir 2 is the power function of the Fourier 
series of an idealized square-wave excitation. 

Conversion loss for an ideal mixer with the image 
and sum frequency (RF + LO) ports shorted may be 
expressed in terms of r^s (on), R g , and Rl as follows: 

, m , K* 2/4 > f r ns(on)) + R L + r DS (on)p 

tt-R i Rf, 

If we let rpslon) = 0 and resistively-terminate the im¬ 
age and sum frequency ports the minimum attainable 
conversion loss reduces to 

L c = 10 Log 4 /tt-> dB (2) 

which computes to L c = -3.92 dB. In a practical sense 
we need to add 3.92 dB to the results of eqn. 1 or 
fig. 5 to obtain the true conversion loss. 

By Ed Oxner, KB6QJ, Applications Engineer, 
Siliconix Inc., Santa Clara, California 95054 
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Equation 1 plotted for various ratios of R g , R L , and 
r Ds(° n ) (fig. 5) illustrates how seriously the on- 
resistance of the MOSFETs affects the conversion 
loss. 

intermodulation distortion 

Unbalanced, single-balanced, and double-balanced 
mixers are distinguished by their ability to reject spu¬ 
rious frequency components selectively, as defined in 
table 1 . In the majority of mixer applications, the most 



Si 3901 




fig. 4. Equivalent circuit of commutation mixer. 


Table 1. A comparison of modulation products in single- 
and double-balanced mixers to the sixth order. 


single balanced 

double-balanced 

U 

3f ., 


5f, 


fl t- f2 

fl + f2 

fl + 3f2 

fl t 3f2 

fl t 5f2 

fl r 5f2 

2f 1 +■ f2 


3f1 < f2 

3f 1 + f2 

3f1 + 3f2 

3f1 f 3f2 

4f1 + f2 


5f 1 ' f2 

5f1 + f2 


damaging intermodulation distortion products (IMD) 
are those attributed to odd order and, in particular, 
those identified as the third order (IMD3). 

Although the DBM outperforms the single-balanced 
mixer, a more serious source of intermodulation prod¬ 
ucts results when the local oscillator excitation departs 
from the idealized square wave. This phenomenon is 
easily recognized by a careful examination of fig. 6, 
which shows the effect of sinusoidal local oscillator 
voltage on varying transfer characteristics. Since op¬ 
timum IMD performance demands that the switches 
of a commutation mixer operate in a 50-percent duty 
cycle (i.e., fully on and fully off for equal times), some 
offset voltage is necessary. 

Walker 1 has derived an expression showing the 
predicted improvement in the relative level of two- 
tone, third-order IMD as a function of the rise and fall 
times of the local oscillator waveform. 


IMD = 20 Log 


ti-w/oKs/KJ 2 ,,, 
- 1 - clB 


(3) 


where V c is the peak-to-peak local oscillator voltage 
V s is the peak signal voltage 
t r is the rise and fall time of V c 
colo is 2irf\_Q where f^o IS the local oscillator fre¬ 
quency 

Equation 3 shows that by lowering R g (which, in 
turn, decreases the magnitude of V s ) IMD perform¬ 
ance is improved. Likewise, increasing the local oscil 
lator voltage, V c , improves IMD performance. Finally, 
if we can provide idealized square-wave excitation, we 
achieve the perfect mixer! Additionally, we see that 
low-side injection is more efficient than high-side in 
iection. 

Further justification for square-wave local oscillator 
drive is an additional fault of sinusoidal excitation. 
Whenever the exciting wave approaches zero cross 
ing at half-period intervals, the FETs, in effect, lose 
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Table 2. Comparison of ac gate voltage vs. local-oscillator 
drive between a non-resonant/resonant tank with a load¬ 
ed Q of 14 (150 MHz frequency). 


power 

in 

(mW) 

non-resonant 

gate voltage 

(VI 

resonant 

gate voltage 

(V) 

10 

0.20 

5.4 

20 

0.29 

7.7 

30 

0.33 

9.4 

60 

0.44 

13.3 


their bias, and serious signal voltage overload results 
in severely degraded IMD performance. The effects 
of sinusoidal excitation on gate bias are easily seen 

in fig. 7. 

building the mixer 

Based on the knowledge derived from eqn. 3, low 
source resistance, R g , and high local oscillator exci¬ 
tation voltage, V c , are ideal conditions for a mixer. 
The Si8901, operating as the mixer switch, offers a 
typical on-resistance of approximately 23 ohms when 
excited by a gate potential of 15 volts. Using the popu¬ 
lar 4:1 i-f output transformer to a 50-ohm preamplifier, 
(p^/fDg(on) ~ 8), fig- 5 suggests optimum conver¬ 
sion efficiency with an R g of 92 ohms. This is con¬ 
tradicted in eqn. 3, which shows that optimum IMD 
performance results with the lowest possible V s . This 
result is achieved by lowering R g . It now becomes 
clear that a performance tradeoff may be necessary. 
Either we seek low conversion loss, and with it a low 
noise figure, or aim for the highest IMD performance. 
Fortunately, as we seek high performance, the dynam¬ 
ic range will improve since a mismatched signal port 
has less effect upon the signal-to-noise performance 
than a matched signal port has upon IMD. 

establishing the gate drive 

Using the conventional broadband, transmission¬ 
line transformer characteristic of the diode-ring DBM 
requires massive local oscillator drive to effect the re¬ 
quired gate voltage needed to satisfy eqn. 3. Earlier 
MOSFET commutation mixers required watts of local 
oscillator drive to achieve high dynamic range! 2 

One obvious means of obtaining a high gate volt¬ 
age is to use a resonant gate drive. The voltage ap¬ 
pearing across the resonant tank, and thus on the 
gates, may be calculated as 

V = (POX) 1 f2 (4) 

where P is the local oscillator power delivered to the 
resonant tank 

Q is the loaded Q of the resonant tank 

X is the reactance of the gate 


Since the gate capacitance of the MOSFETs is volt¬ 
age dependent, the reactance becomes dependent 
upon the impressed excitation voltage. To allow this 
condition would severely degrade the IMD perform¬ 
ance of the mixer. However, this reactive dependence 
on excitation voltage can be minimized using a com- 



R 9 /r DS 


fig. 5. Insertion Loss as a function of rpg< Rl< and R g 




fig. 7. First- and third-quadrant l-E characteristics show¬ 
ing effect of gate voltage leading to large-signal over¬ 
load distortion. 
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Varian EIMAC has complete cav¬ 
ity design and production capa¬ 
bility. We make sure that tube 
and cavity are compatible. If it 
isn’t an off-the-shelf-item, we 
have the designers and engi¬ 
neers for any specific job. 

EIMAC has expertise in all disci¬ 
plines including pulse, CW, FM, 
and TV. We match tube, power, 


bandwidth and operating mode 
to achieve optimum perform¬ 
ance. 

More information on EIMAC 
cavities and tubes is available in 
our Cavity Capability brochure 
from Varian EIMAC. Or for 
prompt consideration of your 
special design requirements, 
contact Product Manager, Var¬ 


EIMAC Cavity 

Matching 
EIMAC Tube 

Tuning Range 
(MHz) 

Power Output 

CV-2200 

4CX20.000A 

86-108 

30 kW 

CV-2220 

3CX1500A7 

86-108 

1.5 kW 

CV-2225 

4CX3500A 

86-108 

5 kW 

CV-2240 

3CX10,000U7 

54-88 

10kWt 

CV-2250 

3CX10.000U7 

170-227 

10kWt 

CV-2400 

8874 

420-450 

300/1250 W* 

CV-2800 

3CX400U7 

850-970 

225 W 

CV-2810 

3CX400U7 

910-970 

190 W 


ian EIMAC, or the nearest Varian 
Electron Device Group sales of¬ 
fice. Call or write today. 


Electron Device Group 

Varian EIMAC 

301 Industrial Way 

San Carlos, California 94070 

415592-1221 

Varian A.G. 
Steinhauserstrasse 
CH-6300 Zug, Switzerland 
Tel: (042) 23 25 75 
Telex: 78 841 


‘pulsed power 

tpeak sync, or 2.5 kW combined In translator service 


varian 
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POWER l o (mwl 

fig. 8. Influence of loaded Q on gate voltage vs. local- 
oscillator power. 



bination of gate and substrate biasing. As we saw in 
fig - 6, the offset gate bias helps to achieve the required 
50-percent duty cycle for optimum IMD performance. 

Table 2 and fig. 8 offer an interesting comparison 
between a resonant-gate drive with a loaded Q of 14 
and conventional drive using a 50 ohm to 200 ohm 
(100-0-100) 4:1 transformer. The full impact of a high- 
voltage gate drive can be seen in fig. 9, which shows 
close agreement between the calculated (eqn. 3) and 
the measured IMD. 

designing the mixer 

Achieving the low signal input impedance can be 
easily accomplished using the Mini-Circuits T1-1T (1:1) 
broadband transformer. Likewise, for the i-f output, 
the Mini-Circuits T4-1 (4:1) does an excellent job. 

The principal effort is the resonant gate drive, which 
necessitates an accurate knowledge of the Si8901's 
total capacitive loading. The data sheet offers typically 
4.4 pF. To ensure good interport isolation, symmetry 
is critical. If this resonant tank is driven from an asym¬ 
metrical local oscillator source (coax), an unbalanced- 
to-balanced transformer ensures symmetry (see com¬ 
plete mixer schematic shown in fig. 3). 

performance of the Si8901 
commutation mixer 

The following tests were performed across the 
2-to 30 MHz hf band. 

• conversion efficiency (loss) 

• two-tone, third-order intercept point 

• compression level 

• desensitization level 

• noise figure 

The conversion loss and input intercept point are 
plotted as a function of local oscillator drive power in 

fig. 10 

The 2-dB compression and desensitization levels ap¬ 
pear to contradict what is normally expected based 
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fig. 10 Intercept point and conversion loss. 



on the + 17-dBm local oscillator drive until we are 
reminded that the mixer's performance is based on 
gate voltage, not gate drive expressed as power. Both 
were measured at +30 dBm. The single-sideband 
noise figure was 7.95 dBm. 

If the design engineer follows the concepts suggest¬ 
ed in this note, the Siliconix Si8901 will provide the 
highest dynamic range of any comparable mixer cur¬ 
rently available. Achieving a high gate voltage using 
a resonant drive does not label the mixer as a narrow- 
band device. Tank tuning may be accomplished in a 
number of ways, such as electronic tuning using 
varactors. It is conceivable that the tank may be the 
output of an electronically tuned balanced local oscil¬ 
lator circuit. 

references 
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Radio and Electronic Engineer, Vol 46, No. 5, May 1967, p. 247-255 

2. R.P. Rafuse, “Symmetric MOSFET Mixers of High Dynamic Range," 
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Introducing the only mobiles that 
double as answering machines. 


Now you can stay in touch-even 
when you're away from your radio. 

With Yaesu’s 2 meter PT212RH 
and 70 cm FT712RII.au optional, 
internal digital voice recorder 
serves as a convenient answering 
machine for you and your friends. 
And that’s just the beginning! 

High performance mobiles. 
The FT-212RH features wideband 
receive coverage of 138-174 MHz 
(144 148 MHz Ik), while the 
FT712RH covers 430-450 MHz. 

An oversize amber display includes 
an innovative photo sensor which 
increases the display brightness 
during the day. The function buttons 
an- arranged in a chromatic musi¬ 
cal scale ideal for visually impared 
operators. You get 45 watts output 
on 2 meters,35 watts on 70 cm. 


An autodialer DTMF microphone 
with 10 memories, each ready to 
store telephone numbers up to 22 
digits long. 

And. like our FT211RH Series 
mobiles, you’ll enjoy surprisingly 
simple controls, yet highly sophisti 
cated microprocessor based flex 
ibility. Including 18 memories that 
store frequency, offset, PL tone, 
and PLmode(CTCSS unit optional). 
Band or memory scanning. Offset 
tuning from any memory channel. 
Memory channel lockout for scan¬ 
ning. High low power switch. 

All in an amazingly small 
package, shown actual size below. 

Digital voice recorder option. 
Only Yaesu brings you the advanced 
technology found in our digital 
voice recorder option. 


You can store messages or your 
call sign-in your own voice, not 
a synthesized replica—or give your 
friends a private code for leaving 
messages on your radio. All lhey 
need is a DTMF microphone!Then 
you can play back your messages 
either in person, or remotely by 
using another radio with a DTMF 
microphone. And you’ve always 
got security because you can com 
maud your radio to respond only 
to in-person playback requests. 

Visit your Yaesu dealer today. 
And test drive Yaesu’s FT-212RH 
and FT-712RH mobiles. The only 
radios with the power to keep you 
in touch. Always. 
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provides new dimension 
in signal reception 



the IC-781 

ICOM’s newest transceiver 


By J. Craig Clark, Jr., 
N1ACH, Assistant Publisher, 
ham radio. 

Rumors have been flying for the 

past few months about a major new 
radio on the way from Japan. We’ve 
carefully watched the Japanese CQ 


Ham Radio, the largest ham radio 
magazine in the world, for a glimpse 
of this interesting new product. Little 
has slipped through — a whisper here, 
a hushed conversation there — snip¬ 
pets that when put together yield tan- 
talizingly little about what it actually is. 

By now, you know that ICOM has 
announced its new 1C 781 transceiver. 


Ads first appeared in February issues 
of American Ham magazines. ICOM 
has also been showing the unit at var 
ious dealers around the country in con 
junction with ICOM DAY promotions. 
When I found that the new ICOM 
1C 781 was going to be at Hamtronics 
in Trevose. PA, in early December, I 


decided to get a hands-on demon 
stration. 

A few days later, I found myself 
standing in front of the store in 
Trevose. Though it was still pretty 
early, a fair crowd had already arrived 
and was hovering around the IC-781. 
After making my way through the 
throng and introducing myself to the 


Hamtronics gang and Evelyn Garrison 
and Mike Vincent from ICOM, I got my 
first look at the radio. 

Let me give you an overview of the 
radio's unique features. While the price 
is rather steep, (about $7,000) one 
thing to remember is that an innova 
tive radio like this has a trickle down 
effect within the industry. If you look 
back about 20 years to the Signal One 
CX 7 (at the time a quantum leap in 
transceiver design) and compare it to 
today's state-of-the-art transceiver, 
you'll find plenty of parallels. The 
1C 781 will pave the way for many new 
features you'll want in your next radio. 

The first thing you notice about the 
1C 781 is its 5-inch CRT display set 
smack dab in the middle of the radio's 
front panel. Other than that, it bears 
a striking physical resemblance to 
ICOM’s 1C 761 transceiver. The unique 
feature of the IC-781 is that it contains 
a spectrum analyzer which gives you 
a picture of band occupancy and rela¬ 
tive signal strength in 100, 200, and 
400 kHz windows centered on your 
operating frequency. As with a con¬ 
ventional spectrum analyzer, frequen¬ 
cy is plotted on the horizontal axis and 
signal strength on the vertical. 

DXers will find this to be a boon in 
finding pileups as they scan the bands. 
Big wide blips will indicate hotbeds of 
activity. Contesters will no longer have 
to search up and down the band for 
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Morgan Hill. CA 

\l\\ IMI'KOVII) III VI SINKS I OK 

ai.i. mirage amim.ihkks 

Oncol I lie biggest problems w ilhirunsislor 
ampliliers isiherniiil overload during e\ 
tensive key dmvnopcnilion Iheamplifier will 
shin down due to excessive transistor beat 
build up MIKAGI S new heal sink uses a 
special munulucturing process to imbed cop 
per m the alummum body Copper is 2 5 
times more conductive than aluminum and 
ensures more rapid and even heal dissipation 
throughout ihe heal sink By reducing the 
amount ol heal in ihe amplifier, transistor lile 
has been significantly improved Che extra 
margin ol safety means you don't have lo 
worry about shut dow n during long w inded 
KM conversations or Kl CY operation 


COMMUNICATIONS EQUIPMENT.INC. 


Morgan Hill. CA 

M W .VdlW VI I 2 Ml I I K AMI’I.IKIKK 

Here’sanew amplifier active 2 melet oper 
ators w ill want’ Designed with ihe DYor in 
mind, the new B3()3ft amplifier gives a lull 
3M) wall- output w till pisl 30 walls of drive 
power Also includes a low noise (.5dB) 
(iaAs I II pre amplifier with a helical 
resonator Iron! end. Uses MIRAGE'S new 
copper aluminum high dissipation heal sink 
w till built in Ian lor extra protection and heal 
tl unslei The unit measures approximately 
13" \ s” and is powered by I3.h volts IX’ 
at 40 amps Carries the MIRAGE live year 
warranty, one year on transistors. 


Morgan Hill. CA 

III AVA 1)1 IA BOOMFOR I.AKGK IIK 

ANTENNAS 

Designed lo meet the challenge ol the 
severest ol weather conditions. KI M now 
oilers a heavy duty boom lor its line ol III 
antennas. The boom isa 3" diameter by 25" 
wall si/e piece ol aluminum. Instead of 
swedged ends lo |oin pieces, die licav \ duly 
Insim uses splice sections that insert into Ihe 
boom I lie splices are made from the same 
rugged aluminuin as the boom and aiv de¬ 
signed to meet or exceed the most demand 
mg Amateur requirements Contact your 
KIM dealer tor this special order item 
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P O BOX 1000 MORGAI 

(408) 779-7363 

(800) 538-2140 (outside CA) 


MORGAN HILL. CA 95037 


Iron Powder and Ferrite 

TOROIDAL CORES 

Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baiuns, Etc. 

Small Orders Welcome ^ J 

Free 'Tech-Data' Flyer m Sw 

12033 Otsego Street, North Hollywood, Calif. 91607 
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1500 + WATT TRANSMATCH KIT $169.95 OTHER KITS 

\ Article Reprinls (refundable).$1 50 

VM G3RUH. PSK Packet Modem. Sail /Terrestrlal$99 00 

PC Board lor above only, delivered $27 99 

Ten-Tec Designer Cabinet tor above.$12.00 

W jmr K9CW Memory Contest Keyer $109.00 

HB % Yaesu FRG-9600. 1 to 60 MHz Converter $94 95 

20m CW. 15w Transceiver (H R 6/87) $159 95 

- 50W 75M SSB XCVR.$199 95 

BASIC KIT: INDIVIDUAL ITEMS Factory Wired 

1 - rotary Inductor 28»h $59 00 Nel-Tech DVK 100A (New Model) $269 00 

2 ■ 6:1 ball drives.$9 00 ea B & W PT-2500A Amp $1.67000 

1 - 0-100 turns counter . .$62 50 B & W VS1500A Tuner $388 00 

2 ■ variable capacitors Amp Supply/Amunlron Linears CALL 

25-245 pt 4500 v $44 00 ea Shipping Extra Unless Noted ^ 222 

OPTIONS— Catalog $1.00 

enclosure (pictured in Sept 86 CQ) $64 00 RADIOKIT • P.O. Box 973-H i^^E 

4 1 balunkll $22 50 Pelham. NH 03076 • (603) 635-2235 


$269 00 
$1.670 00 
$388 00 
CALL 


We’ve Got Books 
Plenty of Books 

Send SASE for tree flyer 

Ham Radio’s Bookstore 

Greenville. N. H. 03048 


dials, terminals, chassis, ceramic slandolts hardwire, toroids, amp componanls. B4W coll slock, ale 






























clear frequencies to set up a new run. 
Also, by looking at relative strengths 
of signals and finding out what areas 
of the world are coming in the best, 
you can determine if it's better to look 
for new multipliers or try to run them. 

The multi function CRT displays 
VFO A and B frequencies, memory 
contents and, when connected to an 
external TU such as the Kantronics 
KAM, MFJ, or AEA PK 232, the de 
modulated output of CW, RTTY or 
other digital modes. This eliminates the 
need for a bulky external monitor. 

But that's not all! In addition to the 
CRT display features, the 1C 781 also 
has a number of other interesting 
capabilities. 

For example, you can listen on both 
VFO frequencies simultaneously (while 
in the same band) and vary audio 
balance between each. Don't want to 
miss that rare DX station that's work 
ing call zones? Tune the DX station on 
VFO B, turn the audio balance up 
enough so you can hear and keep 
track of his operation, tune VFO A to 
an open spot and call CQ. When the 
DX station gets to your call area, 
switch VFOs and call. Or, when you 
are working a split frequency pileup, 
adjust the audio balance between 
VFOs so you can keep track of both 
your transmit and receive frequencies. 
Too many stations calling on your 
transmit frequency? Slide up 500 Hz 
without losing track of the DX station 
and call again. It's that easy. 

Another innovation is the twin pass- 
band tuning capability. You can tune 



the second and third IF separately for 
double passband tuning or together as 
an IF shift. Sometimes you want that 
extra ability to reduce an interfering 
signal. The double passband control 
will give you this. 

Recognizing that in many cases 90 
to 110 watts power output is not 
enough to fully drive many of the am¬ 
plifiers now available, ICOM has in 
creased the power output of the 1C 781 
to a generous 150 watt level. This 
should be more than enough to drive 
grounded grid amplifiers to full legal 
output or provide that extra bit of sig 
nal when running "barefoot". 

The 1C 781 also comes with: built 
in switching power supply, automatic 
"one button” antenna tuner, keyboard 
frequency entry control, dual noise 
blanker with monolithic crystal filter, 
99 tunable memories, wide and narrow 
filters, and an internal iambic keyer at 
no additional cost. 

As you can see by looking at the 
photos, the 1C 781 is a pretty complete 
radio. 

ham radio 


INTERFERENCE? 


* Interference Location 

* Stuck Microphones 

* Cable TV Leaks 

* Security Monitoring 



* VHF and UHF Coverage 

* Computer Interface 

* Speech Synthesizer 

* 12 VDC Operation 


New Technology (patent pending) converts any VHF or UHF FM receiver into an 
advanced Doppler shift radio direction finder. Simply plug into receiver's antenna 
and external speaker lacks. Uses four omnidirectional antennas. Low noise, high 
sensitivity for weak signal detection Call or write for full details and prices 


0 


DOPPLER SYSTEMS, INC. P.O. Box 31819 

Phoenix, AZ 85046 


(602) 488-9755 
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RF POWER 

TRANSISTORS 


We slock a full line of 
Motorola & Toshiba parts 
for amateur marine, and 
business radio servicing 

Partial Listing of Popular Transistors 


SEE rOu AT THE 

orlando charlotte 

& DAYTON HAMFESTS 



2 30 MH/ 12V r 

28V) 


PN 


Rating 

Net Ea 

Match Pr 

MRF421 

O 

100W 

S24 00 

S53 00 

MRF422* 


!50W 

36 00 

78 00 

MRF454 A 

Q 

SOW 

14 50 

32 00 

MRF45S A 

O 

60W 

11 75 

26 50 

MRF485* 


15W 

6 00 

16 00 

MRF492 

O 

90W 

16 00 

35 00 

SRF2072 

Q 

65W 

12 75 

28 50 

SRF3662 

O 

t tow 

24 00 

53 00 

SRF3775 

Q 

75 W 

13 00 

29 00 

SRF3795 

O 

90W 

15 50 

34 00 

SRF3800 

Q 

100W 

17 50 

38 00 

2SC2290 

O 

BOW 

16 75 

39 50 

2SC2879 

Q 

toow 

22 00 

48 00 


O Selected High Gem Matched Quads Available 
VHF UHF TRANSISTORS 12V 



Rating MH / 

Net Ea 

Match Pr 

MRF245 

BOW 136 174 

27 50 

61 00 

MRF247 

75W 136 174 

26 00 

58 00 

MRF248 

SOW 136 174 

33 00 

71 00 

MRF64I 

15W 407-51? 

18 00 

42 00 

MRF644 

25W 407-512 

21 00 

46 00 

MRF646 

40W 407 512 

25 00 

54 00 

MRF648 

60W 407 51? 

31 00 

66 00 

2N6080 

4W 136 174 

6 25 

— 

2N608I 

I5W 136-174 

8 00 

— 

2N608? 

25W 136-174 

9 50 

— 

2N6083 

30W 136-174 

9 75 

24 00 

2N6084 

40W 136 174 

11 50 

28 00 

PARTIAL LISTING OF MISC TRANSISTORS 

MRF 134 

S16 00 

MRFS15 

2 50 

MRF136 

21 00 

MRF607 

2 50 

MRF 1 J7 

24 00 

MRF 630 

4 25 

MRF 138 

35 00 

MRF846 

43 50 

MRF 174 

80 00 

MRF1946 A 

14 00 

MRF 208 

11 50 

CD2545 

16 00 

MRF2I? 

16 00 

SD1278 1 

17 75 

MRF221 

11 00 

2N3SS3 

2 29 

MRF224 

13 50 

2N3866 

1 25 

MRF237 

2 70 

2N4427 

1 25 

MRF73R 

12 50 

2N5589 

7 25 

MRF 239 

14 00 

2N5590 

10 00 

MRF240 

15 00 

2N5591 

13 SO 

MRF260 

7 00 

2N5641 

9 50 

MRF261 

B 00 

2N5642 

13 75 

MRF 262 

8 75 

2N5643 

15 00 

MRF 264 

12 50 

2N5945 

10 00 

MRF 309 

29 75 

2NS946 

1? 00 

MRF317 

56 00 

2SCI946 A 

15 00 

MRF 406 

1? 00 

2SC1947 

9 75 

MRF433 

11 00 

2SC2075 

3 00 

MRF 449 

12 50 

2SC2097 

28 00 

MRF 450 

13 50 

2SC2509 

9 00 

MRF453 

15 00 

2SC2640 

15 00 

MRF 458 

20 00 

2SC2641 

16 00 

MRF475 

3 00 

OUTPUT MODULES 

MRF476 

2 75 

SAU4 

55 00 

MRF477 

11 75 

SAU17A 

50 00 

MRF479 

10 00 

SAV6 

42 50 

MRF492A 

18 75 

SAV7 

4? 50 

MRF497 

14 25 

SAV15 

48 00 


4058? 

NE41137 


7 50 
2 50 


M5771? M57733 uk 
M57737 SC 1019 SAV7 


Ht Gam Matched and Selected Parts Available 

We stock RF Power transistors for Atlas. Kl M Collins. 
Yaesu Kenwood Cubic Mirage Motorola Hoalhkit, 
Regency Johnson, (com Drake TWC Wilson GE, etc 
Cross reterence on CD PT SD SRF JO and 2SC P Ns 
Quantity Pricing Available Foreign Orders Accepted 
Shipping Handling S5 00 COD VISA MC 

Orders received by 1 PM PST shipped UPS same day 
Next day UPS delivery available 
ORDER DESK ONLY - NO TECHNICAL 

(800) 854-1927 


OROEB LINE and or TECH HELP 

(619 ) 744-0728 


§Pf 

hiM 


FAX (619 ) 744 194 3 


RF PARTS 

1320 Grand Avenue 
San Marcos. CA 92069 
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LARGEST STOCKING NAM OEALER 
COMPLETE REPAIR LAI ON PREMISES 


“AquI So Habla Eapanol" 

HAUHi (NtEWNAtlONAL till * »7 /6/U 

MFRCMANOtSf TAKEN ON CONSIGNMENT 
FOR TOP PHICES 

W M, • • J 4 . '* A W '■ ». t »’ V U| U * «* V 

-.At. •> « Su’KlJi *l'AV '.M'W i< ••» P«-» -j. 

AuTHOMI/t l> [I.Mb Ml>AV [IVMlK » QW 
SMOMTVVAVE AN1LNNAS 5 RECEIVERS 

IRT'LEK Sp*mg Si Stabon 
Subway* UMI fiance Si Station 

INC) f Tram K*, Station 
Bus Broadway *6 lo Spring SI 

- Vita SI «tn Am SUImm 


Me Sloe* AEA ARRl Aijina. Ameco Anlenna Specuriitla Allot* A««v> 
B&k BAW Beiw-ner ft/d Rutrernoi CDf CES Commumcobon* Sp»c 
Connector* CuVK'att Oa*wa. Oontron Oguna* Drake Eimac Entomm 
Commei-,«iLq«.p"Mni H.,iSounr|. Hen«» HuWH* |N*wlronic*| Hy-Gom. Icorti KIM Kanlmrnc* 
sl.nrt.7i Lorwm MfJ.JW Mailer M.rage Now1»on*C* NyeVihinQ Paiofnei RE Prod 
Winryi »**«J IN uhvi wet* Rad«o Amale»> Callbook. Sarton Shu«o Toler Tempo Ten Tac Tokyo 
murx.p*iii^t Dirtmaci M. Power Tnofty* TUBES W?AU Wabar. Wilaon Yao»u Ham ami Comma* 
et C..il Oalan** art cial RmWi. Vocom VibropN*. Curti*. Tn-E«. Wacom Dupleier* Repealer* 
Potable* mooJM lain Dodge Fa»on Inie.corns Scanners Crystal* Kartm Publications 
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••AW (If At (M ‘••Tja r<l| S mvltD «*’IM IS ..HJMOMWa* Ml '*1 0 

COMMERCIAL RADIOS •tachad A aervlcad on pramlaae ^ 

Amateur Radio Courses Given On Our Premises. Call sales 

Caport Order a Shipped Immediately. TELEX 12TE70 FINAL 


THE MULTIPLE RECEIVER SOLUTION 


Barry Eleciromcs Commercial Radio Depl oilers the Best in two-way communications tor Busi¬ 
nesses. Municipalities. Civil Delense Broadcasting Companies. Hospitals, etc Sales and Service 
lor all brands Maxon. Yaesu. Icon. Tad. Octagon. Regency/Wilson. Midland. Standard Umden. 
Shinway. Fujilus. Seas. Spillsbury. Neutec. etc Call or write tor information 212-925-7000 
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I The S289 95 Bullet it tied OR V Solar Power Supply ^ cr P‘ 

V rrpcaicr im die aif round ihc clock or power* your 100 watt ME 
V mau.hi ftO tin a month Control circuit «*& eturpe. pnxeu* »rrl 
cell* A waled haur m* lul ly aucmMcd. QRV, ecpaikliWc. portable 

I Aikl SHIS A: It Into 56c * a Tc* 4 II tV H /I OS M €Sl 

I 1971 N Oak In .Provo. IT K4604 (HOI) .'74-1084 


5-900 ME PREAMPLIFIERS 
NF G P(ldB) 


WLA21M 

3dB 

lJdB 

8dttD 

54 

WLA22M 

4 

11 

12 

58 

WLA23M 

4 

22 

12 

83 

WLA24M 

3 

20 

18 

109 


430/50 ME CONVERTER 
KXC43L .15uV 20dB 99 
1-900 ME DIR.COUPLER 

PC24-15 coupling -15dB 43 

WI-COMM ELECTRONICS INC. 

PO Box 5174. MASSENA. N Y. 13662 

_ (315) 769-8334 _ 
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4 Channel Signal to Noise Volet 

l ip.iiKj.ibie TO 3? Ownnel by lust Adding Cauls 
Continuous Volina 

LFD Indicators oi COR and Voted Srgiwls 
Bu«li m Calibrator 

Rtmofe Voted Indicators Pinned Out 

4V? » fi DouWr Sided Gold Plated 44 Pm Card 

Hrmute Disable inputs 

MOW 

Built tested and calibrated with manual 

$350.00 

telephone interlace now available 
For more mlotmation call or write 

HALL ELECTRONICS 

Volet Department 
815 E Hudson Sheet 
Columbus, Ohio 43211 
(614)261 8871 
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optimizing gain on Yagi antennas 


Examination of 
“short” boom Yagi 
reveals surprising results. 

In the recent past, Yagi antenna construction was 
as much folklore, superstition, and magic as it was 
science and engineering. For example, the guide¬ 
lines for constructing a Yagi antenna provided in the 
ARRL's 1980 Antenna Handbook' include a general 
table of ranges for “optimum" element spacing, 
but not a formula for determining optimum element 
lengths. Would an antenna built according to this data 
really be “optimum?" 

Computer modeling of Yagi antennas provides a 
means of answering this question by allowing us to 
examine the effects of element length and spacing per¬ 
turbation and by providing an efficient and repro¬ 
ducible means of calculating gain and pattern. Even 
with some major simplifying assumptions about ele¬ 
ment interactions and element self-impedance, the 
result of Yagi modeling predicts the results from the 
antenna test range. 7 Two previous papers examined 
the change in forward gain with different taper regi¬ 
mens — i.e., all directors the same length, all direc¬ 
tors getting shorter towards the front, all directors 
longer towards the front. 2 5 Although a taper regimen 
may offer a slight advantage, the difference is almost 
vanishingly small. For example, maximum gain on a 
3.44-wavelength boom Yagi with no director taper was 
15.601 dBi, and the maximum gain with an "optimum" 
director taper was 15.618 dBi. 2 However, these previ¬ 
ous studies imposed a fixed geometric relationship be¬ 
tween the directors, although the only rationale for this 
is aesthetics. In his thesis work, Dr. Chen found that 
Yagi antennas maximized for forward gain smoothly 
converged to a single unique solution and, from his 
examples, director lengths had no apparent geomet¬ 
ric relationship. 3 Thus, the question of maximizing gain 
by changing director size deserves a second look with¬ 
out the constraint of a fixed physical relationship be¬ 
tween director lengths. 

The purpose of this article is to examine Yagi gain 
performance under certain constraints: 


• Maximum boom length will be limited to one wave¬ 
length, which is about the longest practical boom on 
15, 20 or 40 meters. 

• Antennas will be optimized for maximum gain. By 
concentrating on antenna gain, front-to-back ratio and 
bandwidth are not considered. While both are impor¬ 
tant, both generally take away from forward gain. Our 
primary focus is: what is the maximum Yagi gain for 
a given boom length, and how much better is the 
optimized gain from where we started? 

procedure 

Antennas will be modeled in free space using the 
assumptions presented in the appendix. The basic 
antenna design is initially estimated using the general 
principles outlined in the ARRL's Antenna Handbook, 
with equal spacing between the elements. Initial 
parameters are: 

• Element diameter: 0.001 wavelength (1 inch on 20 
meters) 

• Reflector length: 0.51 wavelength 

• Director lengths: 0.45 wavelength 

The reflector's length will be increased by 0.0025 
wavelength; the gain will again be calculated. If the 
forward gain improves by more than 0.01 dB, then that 
element will be incremented again in the same direc¬ 
tion. If forward gain does not improve, the element 
will be shortened until the gain starts falling off. Once 
the reflector is optimized for forward gain, the same 
procedure is applied to the directors in order, and then 
back to the reflector. This iteration is continued until 
no further gain improvement is noted for a complete 
cycle through all parasitic elements. Once the anten¬ 
na is optimized for forward gain using element per¬ 
turbation, this same procedure is applied for element 
spacings with the first and last element fixed at the 
ends of the boom. Table 1 presents the starting and 
final values after forward gain optimization for some 
representative examples. After optimizing an anten¬ 
na with equal element spacing, the same procedure 
is done for some antennas with unequal spacing. 

For a given boom length and element spacing, the 
element lengths were found to converge smoothly to 
the same final values and were independent of start¬ 
ing lengths. Element and boom lengths in the tables 
are presented in terms of wavelength, but for figs. 

By Dave Donnelly, K2SS, 8 Alder Street, Lin¬ 
coln Park, New Jersey 07035 
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Hoom(20m| 

fig. 1. Forward gain against boom length (feet) for differ¬ 
ent 20 meter antennas. Line 1, open squares, are the origi¬ 
nal antennas; line 2, filled sqares, is following forward 
gain optimization by perturbation of element lengths; 
line 3, filled triangles, is following element and spacing 
perturbation. Note area of relatively flat gain between 
boom lengths of 24 and 50 feet. 



Boom(20rti) 

fig. 2. Forward gain against boom length (feet) for differ¬ 
ent 20 meter antennas using different computer models. 
Line 1, open squares, are the original antennas modeled 
with MININEC (20 match points per element, see Appen¬ 
dix for details); line 2, filled squares, is the peak forward 
gain data from Lawson’-* for each boom length; line 3, 
filled triangles, is optimized forward gain antennas using 
MININEC. 


1 and 2 , the boom length is translated to a 20-meter 
antenna in order to provide a clearer sense of physi¬ 
cal size. 

results 

Two- and three-element antennas on a short boom 
(0.17 and 0.258 wavelength, 12 and 18 feet on 20 
meters) showed 6.8- to 6.9-dBi gain in the initial con¬ 


figuration that increased to 7.2 to 8.6 with optimiza¬ 
tion. A gain increase of 0.15 dB over equal spacing 
was found with close spacing of the driven-reflector 
in the three element configuration. On longer booms 
(.34, .43, .52, .60 and .68 wavelength, 24, 30, 36, 42 
and 48 feet on 20 meters), configurations had between 
8.0-9.1 dBi forward gain before and 9.1-9.6 dBi after 
optimization. A 4 element configuration on a .34 wave¬ 
length boom was about 0.2 dB better than a 3 element 
configuration. 

Large antennas on booms of 0.77, 0.86, 0.95 and 
1.0 wavelength (54, 60, 66 and 72 feet on 20 meters) 
had 10.1-10.5 dBi. Following optimization these an¬ 
tennas had 10.5-10.8 dBi. 

Overall, the improvement in forward gain from the 
starting values was 0.7 (range: 0.3 to 1.53) dB, aver¬ 
aged over all the antennas, and usually came at the 
expense of front-to-back discrimination. In no case did 
the optimized antenna show any particular pattern in 
director taper — i.e., all elements getting shorter or 
longer. 

Onoe an antenna is optimized for forward gain using 
element perturbation, changing the element spacing 
resulted in only minor forward gain improvement. The 
only exception was with wide spaced antennas (i.e. > 
0.2 wavelengths) which work better with shorter ele¬ 
ment spacing between the reflector and driven 
elements. 

In general, gain optimized antennas had reflectors 
which were rather short (about 0.49 wavelength or + j 
30 ohms) and at least one director which was rather 
long (0.45-0.46 wavelength or -j 10 ohms). Since 
some parasitic elements are close to resonance, the 
optimized antennas would likely have a very limited 
bandwidth, and not adequately cover the CW and 
phone portions of the bands. 

For a given boom length, the maximum gain figure 
was independent of the number of elements or spac¬ 
ing, with a slight edge to antennas with a short spacing 
from driven element to reflector (about 0.2 dB). Of par¬ 
ticular interest is the relationship between maximum 
forward gain and boom length (fig. 1). The curve is 
not smooth, and shows a pronounced plateau after 
the 24-foot boom on 20 meters (0.35 wavelength) 
before again increasing with a 48-54-foot (0.76 wave¬ 
length) boom. 

discussion 

These results suggest two conclusions: 

• Yagi antenna gain is basically only a function of 
boom length. However, the increase in gain is not 
smooth for boom lengths between 24 and 70 feet on 
20 meters. Increasing the boom length from 24 to 48 
feet increases the maximum gain by only 0.5 dB, while 
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Table 1. Element length and spacing, forward gain and front-to-back ratio (at the end 
of the horizon) for two-eight elements with boom lengths between 0.172 to 1 wavelength 
(12 and 70 feet, respectively, on 20 meters). Row S shows the starting element length 
(wavelength) with a diameter of 0.0005 wavelength. The position of the element from 
the reflector end of the boom is given in parenthesis. R is the reflector, De is the driven 
element, D1 - D6 are the first through sixth directors. 

element length (boom position) 





D1 

D2 

D3 




R 

De 

D4 

D5 

D6 

gain (dB) 

F/B (dB) 

s 

0.510(0) 

0.470(0.17) 




6.87 

9.9 

0 

0.490(0) 

0.470(0.17) 




7.23 

7.2 

s 

0.50010) 

0.470(0 17) 

0.450(0.35) 



8.07 

34,7 

0 

0.492(0) 

0.479(0.15) 

0.482(0.35) 



9.11 

4.6 

s 

0.500(0) 

0.470(0.11) 

0.450(0.22) 

0.450(0.35) 


8.43 

16.9 

0 

0.495(0) 

0.470(0.10) 

0.442(0.251 

0.477(0.35) 


9.32 

5.5 

s 

0.500(0) 

0.470(0.17) 

0.450(0.34) 

0.450(0.53) 


8.96 

10.0 

0 

0.490(0) 

0.470(0.15) 

0.447(0.36) 

0.460(0.52) 


9.35 

6.3 

s 

0.500(0) 

0.470(0.15) 

0.450(0.30) 

0.450(0.45) 

0 450(0.60) 

9.12 

10,1 

0 

0.490(0) 

0.470(0.15) 

0.445(0.32) 

0.472(0.44) 

0.440(0.60) 

9.42 

8.5 

s 

0.500(0) 

0.470(0.17) 

0.450(0.35) 

0.450(0.86) 

0.450(0.52) 

0.450(0.69) 

10.31 

11.2 

0 

0.492(0) 

0.470(0.15) 

0.427(0.34) 

0.455(0.86) 

0.455(0.53) 

0.445(0.69) 

10.5 

9.8 

s 

0.500(0) 

0.470(0.15) 

0.450(0.30! 

0,450(0.44) 

0.450(0.59) 






0.450(0.74! 

0.450(0.88) 

0.450(1.03) 

10.67 

10 

0 

0.517(0) 

0.470(0.15) 

0.467(0.30) 

0.447(0.44) 

0.428(0.59) 






0.443(0.74) 

0,435(0.88) 

0.447(1.03) 

10.97 
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increasing the boom length by another 12 feet (to 60 
feet) offers a 1-dB improvement. 

•If one starts with reasonable element lengths, the 
average improvement in gain that can be expected is 
about 0.7 dB. 

In other papers, Yagi gain was generally considered 
to be a smooth function of boom length. Bill Myers 
fit the NBS test range results to a curve and found 
good agreement for the function: Gain (dB) - 3 In 
(boom length) + 12 dBi.” However, this was fit with 
data from boom lengths of 0.4 to 4.2 wavelength, and 
only two points at one wavelength or less. An exam¬ 
ination of the calculated gains from a previous article 
suggests a conclusion similar to the one drawn here 
(fig. 2, line 2). A datum point for this figure was the 
peak gain numbers from all of the frequency points 
and all the element configurations for a given boom 
length presented in references 8 and 9. Keep in mind 
that these were not gain optimized antennas. Here 
again, forward gain was not a smooth function of 
boom length, but also showed a plateau region above 
0.3 wavelength (24-foot boom on 20 meters). Al¬ 
though the plateau points don't correspond exactly to 
the lengths found in this paper, the phenomenon of 
nearly doubling boom length for 0,5 dB or less increase 
in gain is visible. 

If one accepts this staircase phenomenon in forward 
gain, one would conclude that the ideal place to sit 
is at the edge of the step. From the computer results 


presented here, a good choice would be an optimally 
tuned four-element Yagi on a 24-foot boom for 20 
meters. If you go to the effort of doubling the boom 
length to 48 feet, which probably requires a larger 
rotor, the forward gain may stay within 0.5 dB of the 
original antenna. Even if the boom length is expanded 
to 60 feet, the gain increase may only be 1.5 dB over 
the initial antenna. Is it worth the worry when the wind 
picks up? 

The rather small average difference in forward gain 
between the initial and optimized antennas is surpris¬ 
ing. The comments of Jim Lawson, W2PV, seem to 
be accurate and in order: "Yagi antennas 'want' to 
work.'' 5 The gain of non-optimized antennas is usually 
within 1 dB or so of the maximum possible gain. This 
frees the designer to optimize for other factors such 
as pattern nulls or average front-to-back without major 
worry that the forward gain will be compromised. Fur¬ 
thermore, one should not expect great increases in for¬ 
ward gain through fine tuning of the antenna. This 
may limit motivation for running up and down the 
tower, and performing hundreds of "This is antenna 
one, this is antenna two. . ." tests. Similarly, there 
is no magic about any particular antenna configura¬ 
tion. Thus, a 20 meter Yagi on a 24 foot boom should 
work the same (within a dB) whether it is homemade 
or from a commercial manufacturer. 

In attempting to build actual antennas from data 
such as these, several factors must be kept in mind. 
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Although computer folks, myself included, tend to ex¬ 
press gain to the hundredth 7 or thousandth dB, 2 the 
simplifying assumptions probably invalidate such 
accuracy. For instance, other investigators have as¬ 
sumed a real value for the self-impedance of 73 ohms, 
2 6 while in reality, self-impedance varies between 50 
and 100 ohms, depending on element length and 
diameter. Therefore, some of the terms in the imped¬ 
ance matrix are perhaps 20 percent in error. And an 
assumption that mutual impedance (coupling) be¬ 
tween elements is independent of element length is 
probably only 90 percent accurate —shorter elements 
are less coupled. Nevertheless, despite these assump¬ 
tions, the computer results show good correspon¬ 
dence to test range results, 7 and many fine working 
antennas have been based on computer designs. 11 A 
critical factor to keep in mind in implementing com¬ 
puter design data is constructing the same type ele¬ 
ment that was modeled; this is affected not only by 
element length, but also element diameter and physi¬ 
cal taper. Two other papers provide an excellent dis¬ 
cussion of this point. 1011 

conclusion 

Short antennas (with a 0.35-wavelength boom) can 
work very well, and it may not be cost effective to in¬ 
crease the boom size unless one goes almost two and 
a half to three times longer. Changing element lengths 
or element positions may provide a gain increase of 
about 1 dB. 

appendix 

This appendix provides the assumptions used for 
modeling the Yagi antennas, including how the mutual 
impedance matrix and gain were calculated. A more 
complete description of the general methodology is 
given elsewhere . 6 

The following assumptions and methodology were 
employed: 

1. The mutual impedance between elements is 
assumed to be independent of element length and to 
be equal to published values for half-wave elements. 
This assumption was also used by others 26 and 
obviates the need to calculate mutual impedance for 
each antenna configuration, thereby greatly reducing 
computational time. 

2. The self-impedance of an element is computed 
using Tai's formula, which estimates the real and im¬ 
aginary self-impedance terms based on element length 
and element diameter: 4 

Z (self) = 1122.65 - 204.1 (k£) + 110 (kJ0)2| 

-j 120 Un (— -1) cot (Ice) -162.5 +140 (k£) -40 (k£)2| 
a 


where l is the element length, k i is 2 pi/wavelength, 
and a is the diameter. 

3. The impedance matrix is inverted and multiplied 
by the driving voltage matrix to give the element cur¬ 
rent distribution. The element currents are multiplied 
by the array factor for dipole elements to give the E 
field at a given value of theta and phi (spherical coor¬ 
dinates). The total radiated field is calculated by inte¬ 
grating theta and phi over a sphere and the gain in 
any direction is computed as the field ratio of the 
power in that direction divided by the average power 
flowing through the sphere. While this is theoretically 
equivalent to calculating the power in the forward 
direction and comparing to the input power at the 
driven element, 2 - 6 it is probably more accurate, since 
it is independent of uncertainties in driving impedance. 

4. Because all calculations are done in free space, 
ground effects are neglected. The assumption is that 
the effect of the ground, which is to reinforce or cancel 
the radiated field, does not play a significant role in 
determining the current distribution. 

Some reviewers of this manuscript were incredulous 
about the conclusion that forward gain did not in¬ 
crease smoothly with boom length and suggested that 
perhaps my underlying assumptions biased the results. 
Subsequently, I have performed the same optimiza¬ 
tion procedure using a version of MININEC with 20 
match points per element. MININEC calculates all self 
and mutual impedances between element segments 
and thus does not use some of the assumptions I 
presented. Although the optimized element lengths 
were somewhat different than what I showed in table 
1, the relationship of boom length to forward gain and 
the amount of improvement noted with gain optimi¬ 
zation was identical. (See fig. 2, lines 1, 3.) 
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homebrewing equipment 

from parts to metal work 


Helpful hints 
to get you started 

Why are so few hams building electronic gear these 
days? To find out I conducted a survey among my ham 
friends. Three major reasons are: 

•Lack of parts and difficulty in finding the necessary 
materials at reasonable prices. 

•Choosing the wrong projects. Some pick projects of 
no use to their ham operations or that are too difficult 
for them to complete. 

•The challenge of metal work can be overwhelming. 

the parts problem 

Inexpensive parts are readily available from many 
sources. Here are some possibilities: 

•Local radio clubs often hold sales and auctions. 
Large, heavy World War II equipment (often called 
boat anchors) usually sells at give-away prices. Strip 
down for usable parts and hardware. Keep all screws, 
nuts, spacers, and small parts such as capacitors and 
resistors. Your junk box will soon overflow with build¬ 
ing material. 

•Garage and silent-key sales often yield worthwhile 
items. Look for wire, solder, tools, coax fittings, con¬ 
nectors, etc. If you don't have an immediate need, buy 
parts and store them for future use. 

•Hamfests. Watch for notices in ham publications. 
The flea market is usually the main attraction; the va¬ 
riety of material is unbelievable. Where else can you 
buy a Weston meter for a buck? Testing your bargain¬ 
ing skills is fun. 

•Electronic surplus houses. These are scattered across 
the country, and frequently advertise in the yellow 
pages of the local phone book. Better companies often 
publish catalogs. 

•Junk yards. Some of my best buys were made at junk 
yards where electronic material occasionally shows up 
as a byproduct and the seller doesn't know its value. 

I recently purchased some excellent coaxial cable at 
ten cents a foot. 

•Ham friends. Some of your acquaintances may have 
a basement, garage, or an attic full of items collected 
in the heyday of World War II surplus sales. 
•On-the-air swap meets can be an excellent source of 
cheap parts. I have contacted many hams on the air 
to buy hard-to-get items. You must be flexible in your 


selection; sensible substitutions come from expe¬ 
rience. 

selecting the right project 

Keep your first project simple. It's easy to get dis¬ 
couraged if your initial attempt is too difficult. As you 
finish one project, look for something more compli¬ 
cated to test your abilities. I started building items such 
as field strength meters, moved on to antenna tuners, 
and finally to a linear amplifier. Build an item you will 
use in your ham operations. You'll give your confi¬ 
dence a boost if you build something and use it. 

preliminary design 

The foundation of any electronic project is the panel, 
chassis and, cabinet. Do your homework on circuit de¬ 
sign and determine its size before gathering materials. 

When you have all the necessary parts, decide on 
their proper placement. Look at handbook illustrations 
and photos to see how the experts do it. Juggle the 
parts into a configuration that meets your project's re¬ 
quirements. For example, short rf leads are important. 
Keep the coils spaced from metal shields by a distance 
at least one half their (coil) diameter. The rf switches 
must be close to the coils to maintain short lead length. 
Allow plenty of space around high-voltage compo¬ 
nents to avoid flashovers. 

Don't design in layers that will be hard to wire ini¬ 
tially; it may be difficult to repair or replace compo¬ 
nents later. 

metal fabrication 

Most hams dislike metal work either because they 
don't have the proper tools or don't know how to use 
them. This situation has an easy solution. 

Cabinet and chassis dimensions are determined 
when your design and parts placement are frozen. 
Now start looking for sources of sheet aluminum. It's 
the only material easily worked and electrically excel¬ 
lent. I find aluminum at salvage yards, surplus houses, 
and flea markets. Prices average $1.25 per pound. Buy 
6061T-6 alloy for panels or pieces that don't need 
bending. Material 1/8 inch thick is needed; it's stiff 
and machines cleanly. Choose bendable material for 
the chassis and outer cabinet. Test for flexibility by 
bending a small corner with a pair of pliers. It should 

By Paul A. Johnson, W7KBE, 10817 Brookside 
Drive, Sun City, Arizona 85351 
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fig. 1 RF dock for KW linear amplifier There's ample room 
in this compact 11" x 16 homebrew chassis for excellent parts 
placement and ease of wiring from all angles. 



fig 2 The wiring has been completed and tested on this am 
plifier that covers all the bands using two roller inductors and 
a variable vacuum capacitor in a Pi L network 

bend 90 degrees without breaking or springing back. 
Use 1 16 inch aluminum for these parts. 

When looking for sheet aluminum, remember that 
salvage yards buy and sell drops (random sized pieces 
left from manufacturing processes). You can usually 
find material close to the correct size. One word of 
caution: stay away from aluminum that has been ex 
posed to the weather it's hard to clean. 

tools to use 

You can cut aluminum easily with hack, sabre, cir 
cular, and hole saws or with a fly cutter. Cut meter 
holes with a hole saw or fly cutter (which must be used 
in a drill press at its lowest speed). Fly cutters can be 
dangerous; use cutting lubricants like kerosene or par¬ 
affin and smooth ragged edges with a file. Clamp the 
panel to the table, cut halfway through, then turn the 


panel over to finish the job. Greenlee punches are use 
ful for making holes ranging from 1 /2 to 11 /2 inches 
in diameter. 

Aluminum angle, 1 4 inch threaded rod and nuts. 
6-32 machine screws and nuts, and no. 6 drive screws 
are needed and can be found at well stocked hard 
ware stores. 

bending aluminum 

You'll need to bend the aluminum for the chassis 
and cabinets, something that's difficult to do with 
regular home tools. Take the pieces that need bend 
ing to a local sheet metal shop. Let the metal worker 
figure the dimensions as he knows the allowances that 
have to be made for proper fitting. Sometimes you 
can avoid making bends by using angle aluminum. 

the finished product 

Figure 1 shows the skeleton frame of an assembly 
designed to house a linear amplifier. Note the simple 
construction. The front and back panels are the same 
size, and held together with four 1 4 inch threaded 
rods. To assure perfect alignment between front and 
back panels, clamp them together and drill holes for 
the 1 /4-inch threaded rod through both. The meter 
shield has only one 90 degree bend. The side rails, 
chassis, and outer shell covers all have two bends. 
With the outer shell in place, all the necessary shield 
ing is complete. 

The chassis is open for ease of assembly. When all 
parts are in place, wiring is easy. Nothing is buried. 
Coils, switches, and capacitors are placed for efficient 
operation at radio frequencies. Figure 2 shows that 
there is no layering of parts. This makes future repairs, 
changes, or parts replacement easy. 

Figure 3 shows a completed 1 kW linear amplifier. 
The outer shell is held to the side rails with no. 6 sheet 
metal screws. The front of the cabinet extends beyond 
the front panel to give a shadow box effect similar to 
many commercial cabinets. 

This open frame construction can be still be used 
if you find a commercial cabinet that fits your needs. 
Figure 4 shows an antenna tuner for 40, 80, and 160 
meters designed for open wire line. The sliding switch 1 
and the coils* 1 are homemade. The assembly in fig. 
4 was easy to wire and slides into a commercial 
cabinet. 

finishing the metal work 

After drilling the holes, assemble the pieces to make 
sure everything fits. Now disassemble and clean each 
surface with sandpaper (100 grit). Remove all burrs 
and scrub down the metal with an abrasive cleanser; 
now you're ready to paint. I paint only the front panel 
and outer shell; try making the panel one color and 
the outer shell another as contrasting colors enhance 
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fig. 3 Here's the amplifier buttoned up and ready for action. 
Plenty of meters are available to monitor all circuitry A 
symetrical layout of the front panel adds to the appearance. 
Notice the use of surplus dial counters and meters. 

the appearance. Epoxy metal spray paint does a 
good job. 

the final touch 



fig 4 This tuner was housed in a commercial cabinet which 
had a hinged top cover to allow ready access to the tapped 
coil. The meters display POWER and VSWR. 

I have built many of these cabinets for my friends 
and myself. The designs evolved over years of trying 
to simplify construction of homebrewed equipment. 
I think the finished product is very functional. Why 
not give it a try? 


Reassemble and wire all components. You need to 
maintain excellent contact between parts and sheet 
metal. Don't skimp on the number of screws; rf 
grounds are very important. 


1 Johnson. Paul A . *’B«? Switched, Easily, OST. February 1983, page 18 

2 Johnson. Paul A.. ‘Constructing Air wound Coils.” hum radio. August 
1984. page 37 
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automatically switched 

half-octave filters: 

part 2 


Modular approach 
facilitates construction, 
improves performance 

In part one,' we discussed the low pass and band 
pass requirements for multi-octave transmitters and 
receivers. They differ considerably from the ones need¬ 
ed for narrowband applications like those in Amateur 
equipment with 500 kHz band coverage. We found 
that the best way to use filters in a multi octave trans 
mitter application with stringent attenuation and ripple 
characteristics is to select contiguous half octave net 
works that will attenuate second order and higher 
harmonic products while maintaining flat bandpass 
characteristics (fig. 1). 

We discussed the practical limitations of filter de 
sign and the tradeoffs in linear amplifier design neces 
sary to reduce the complexity of the filters, presented 
an ideal filter model, and discussed how some practi 
cal filter approximations can satisfy stringent require 
ments better than others. Based on this knowledge, 
we selected the Cauer (elliptical) filter for our applica¬ 
tion, and designed bandpass and low pass networks 
for a full coverage transceiver. In part 2, we will 
implement the low-pass filters from table 3 of part 1 
in the transceiver environment. This requires additional 
design in the areas of rf switching and digital decod 
ing that will have to work with the filter networks, the 
control system of the transceiver, and the mechani 
cal design. 

system implementation 

Because the low pass networks must withstand 
high power (and high VSWR), they need to be imple 
mented with relatively large inductors and capacitors, 
winch will take up space in the compact transceiver 
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fig 1. Breadboarding the automatic filters for the WB3JZO 
transceiver 


By contrast, the modular packaging of the transceiver 
dictates the use of small pc boards containing sensi 
tive driving circuits and arrays of rf power relays for 
i switching in the proper networks at the right time. This 
i combination of rf and digital circuits could be cumber 
some if not properly designed and implemented, even 
though we planned the networks with a minimum 
number of poles. 

! A special approach to packaging was adopted in the 

!'•' WB3JZO transceiver. To keep the digital circuits away 
from the rf, the filter networks are packaged in sep 
arate plug-in assemblies, each containing four filters 
(fig. 2A). The assemblies plug into pc boards contain¬ 
ing all the digital circuitry and switching. Stainless steel 
containers were constructed with Teflon'" standoffs 
to give mechanical support to the inductors and cap¬ 
acitors. In addition, a set of precision-guided RCA 
connectors were built into the containers for quick 
■ connect/disconnect of all filters from the pc boards. 
' This construction proved effective in preventing the 

By Cornell Drentea, WB3JZO 7140 Colorado 
Avenue North, Minneapolis, Minnesota 55429 and 
Lee R Watkins, 2256 East Jaeger Street, Mesa, 
Arizona 85213. 
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fig. 2A. Implementing the filter banks in the WB3JZ0 trans 
ceiver Stainless steel containers with built in Teflon stand 
offs and precision guided RCA connectors allow off board 
access to the filters for tuning This packaging keeps rf out 
of the digital circuits. 



fig. 2B. Filter assemblies are easily inserted into the pc boards 
which in turn plug into the transceiver 



fig. 3. View of the amplifier assemblies and associated filter 
banks. 


rf from getting into the sensitive digital circuitry on the 
pc boards under the filter assemblies. High power rf 
switching relays, associated striplines, and rf connec¬ 
tors were built into the boards. The separate contain¬ 
ers and pc boards allow independent rf tuning and 


digital testing of the networks and their switching. 
Each bank of filters can be plugged or unplugged from 
the pc boards (fig. 2B). Two board assemblies are 
required for the eight low pass filters. Only one board 
is needed to accommodate the bandpass filter bank, 
since the size of the parts for these filters permits 
miniaturization. 

Many other design goals were considered. An opto- 
encoded digital count up/down circuit on the digital 
interface command board (DBIC) at the front of the 
transceiver provides decoding for all filter banks, and 
works in conjunction with two other interface boards. 
The frequency word logic board (FWLB) lets the oper 
ator dial up any frequency from the transceiver's front 
panel and the frequency mode display board (FMDB) 
serves as digital display feedback. The high-gain (39 
dB) linear amplifier chain and the low pass filter banks 
are shown in fig. 3. 

The system is implemented modularly and connect 
ed via ribbon cables and motherboard layout to de¬ 
code and communicate information to the proper 
automatically selected filters. The rf paths are joined 
by RG 174 U and RG-58/U coaxial cables, depend 
ing on rf power requirements. Digital information is 
transmitted to the synthesizer as corrected by the i-f 
value and CW shift. Several other functions were in¬ 
corporated: power up memory for the “mode” mech 
anism, ensuring that the transceiver always starts up 
in upper sideband; alpha-numeric display circuits with 
electronic band edge stops at 2 and 30 MHz, to pre 
vent operation outside the range; various sequencing 
and delay circuits that work in conjunction with the 
synthesizer; and AGC command functions, thumb 
wheel encoding circuits, and a multiple tone alert sys¬ 
tem working in the receiver's audio section. Figure 
4A shows all significant digital assemblies and the filter 
banks prior to final transceiver packaging; figs. 4B and 
4C show their incorporation in the transceiver. 

building the filters 

Next, we will see how the low-pass filters from table 
3 of part 1 were constructed. First, precision induc¬ 
tors were devised for all values from the table. We 
used commercial Micrometals ,M T 68 toroid cores 
red mix No. 2 for the lower frequency banks and 
yellow mix No. 6 for the higher frequencies. The 
number of turns (N 2 ) was calculated using the equa¬ 
tions listed in table 1. The final inductance adjust¬ 
ments were made with the setup shown in fig. 5. 

By placing a precision silver mica capacitor of 
known value across each of the inductors and using 
a grid dip meter and digital frequency counter to 
measure the resonance of the circuit, the value of L 
was calculated with the equations shown in table 2. 
The counter measured the frequency of the grid dip 
meter's oscillator at the precise resonance point. The 
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MODEL RM-35M 


RS-A SERIES 




MODEL RS-7A 


RS-M SERIES 



RS-S SERIES 
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MODEL VS 50M 
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Table 1. Equation used to calculate the num¬ 
ber of turns (N 2 ). 


L, 

l 2 

Eqn. 1 

|/V/P 

\N 2 \2 

L,\N 2 \2 

= L2\N ,\2 

Eqn. 2 

IW = 

L 2 \N,\2 

L, 

Eqn. 3 

N 2 = J 

U. 2 \N,\2 

L, 

Eqn. 4 

Where: 




N 2 Required number of turns 
Li = Known inductance per 100 turns* 
L 2 = Known required inductance 
N, - 100 

'Values of Li from tables 

• T68-2 = 55 pH 

• T68 6 = 47 pH 


Table 2. Equation used to calculate the value 
of L. 


25330 

a 2 o 


Eqn. 5 


25330 
(F2 L) 


Eqn. 6 


Example: If C = 107.6, L = 3.40 pH 
To resonate at 8.316 MHz 
(from filter no. 1, Table 3 (from part 1). 




numbers were entered into a TI-59 calculator pro 
grammed to solve for L or C according to the equa¬ 
tions. This semiautomated process allowed quick, 
consistent, error-free calculations, making measure¬ 
ments for all the inductors easy. The setup worked 
well for all cases. Adjustments were made to the coils 
by pushing or spreading the windings a bit. The same 
procedure was used to obtain practical combinations 
of capacitor values approaching the theoretical values 
prescribed in table 3 of part 1. In this case, the equa¬ 
tion was solved for C rather than L (table 2). The parts 
were then soldered into the containers, using RCA 
connectors and Teflon standoffs as mechanical sup¬ 
ports. The filters were then tuned for theoretical peaks 
with a Collins R-392 receiver used as a spec..um 
analyzer. We later used an HP 8754 network analyzer 
to complete the job. 

Figure 6 shows the composite frequency response 
of the finished low-pass filters as plotted wijh the 



fig 4, (A) View of significant assemblies associated with the 
implementation of the filters. Shown are all filter banks and 
the digital interface command board (DBICI (Bl and (Cl Views 
of all digital boards and filter assemblies as packaged in the 
transceiver. In addition to the boards and visible behind the 
front panel are the frequency word logic board (FWLBI and 
the frequency mode display board (FMDB) All boards are in¬ 
terconnected via continuous ribbon cables equipped with 
press on connectors. 
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fig. 5. Setup used to speed up the inductance measurement 
process The toroidal coil under test was paralleled by a 
known precision silver mica capacitor. The exact frequency 
of the circuit was read with a digital counter which meas¬ 
ured the frequency of rf generated by the grid dip meter at 
resonance. All numbers were inputted to the Tl 59 program 
mable calculator which resolved the equation for L or C. 


analyzer. Little work was needed to bring the filters 
within the design specifications. We also performed 
spectrum analyzer tests (fig. 7). 

communication and decoding 
mechanism 

The schematic diagram of the low-pass assemblies, 
and their switching mechanism, are shown in fig. 8A 
Figure 8B shows the implementation of the bandpass 
banks with their corresponding switching. Some of the 
functions included here are filter switching with asso¬ 
ciated driving circuits, transmit receive (T/R) switch 
ing, and the transmitter gain control (TGC) sensory 
circuit. Next, we will discuss the communication and 
decoding mechanism. 

We decided early in the design that digital commu 
nications in the transceiver would be performed with 
parallel low true TTL levels for good noise immunity 
in the presence of an rf field. This meant that the TTL 
lines would be terminated on the destination boards 
with 75451 line drivers, normally used in computer 
communications hardware. These devices deliver up 
to 400 milliamperes of current at 5 volts and can drive 
relays directly. They have been used throughout the 
system, in the control circuits, as relay drivers for all 
filter boards, and as power switches for muting the 


receiver's i-f section. The 75451 is an integrated cir 
cuit containing two drivers and associated TTL logic. 
Two of these were used per filter board (fig. 8). Re 
verse-biased silicon diodes on the coils eliminated volt 
age transients that occur when current is interrupted. 

The rf relays were standard parts chosen for their 
reliability and low cost (evidenced by their use in com 
mercial maritime transceivers). Small Teledyne rf relays 
were used for the bandpass bank. The design lets only 
one filter be switched in at any given time, eliminat 
ing possible interaction between the selected filter and 
adjacent devices. During selection, all other filters are 
shorted to ground at the input and output; this is done 
by taking advantage of the natural resting position of 




tig. 7 Typical worst case spectrum analyzer test shows that 
harmonics are at least 50 dB below the carrier Filter No 4 
was used in this example. Similar results are obtained with 
the other low pass filters. 
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IC-781 HF Transceiver 



THE FUTURE OF 
AMATEUR COMMUNICATIO 


Once in a lifetime, a transceiver is intro¬ 
duced that's so extraordinary and innova¬ 
tive that it opens a totally new era in HF 
communications. ICOM's pacesetting 
1C 781 proudly exhibits that hallmark 
achievement with futuristic designs and 
features of true legendary proportions. 
Whether DX'ing, contesting, pioneering new 
interests or enjoying unquestionable top-of- 
the-line performance, the IC-781 is indeed 
today's standard of excellence! 

Multi-Function Five Inch CRT. Displays 
frequencies, modes, memory contents, 
operating notes, RIT, two menu screens, plus a 
panoramic view of all signals in a selected 
range. A portion of the screen also serves as 
a display for data modes like RTTY. AMTOR, 
and PACKET. 
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indicates all signal activities and DX pileups 
with your operating frequency in the center 
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indicates relative signal strengths. A contes¬ 
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Dual Width Noise Blanker includes MCF 
filter plus level and width controls to elimi¬ 
nate pulse and woodpecker noise with min¬ 
imum adjacent signal interference. 

Incomparable Filter Flexibility. 

Independent selection of wide and narrow 
SSB filters plus CW filters. Second and third 
CW IF filters are independently selectable 1 

Dual Watch. Simultaneously receives two 
frequencies in the same band! Balance 
control adjusts VFO A/B receive strength lev¬ 
els. You can check additional band activity, 
even tune in your next contact, while in 
QSO without missing a single word! 

DX Rated! 150 watts of exceptionally 
clean RF output. Easily drives big amplifiers 
to maximum power. 


Twin Passband Tuning with separate 
controls tor second and third IF stages! 

Increases selectivity and narrows band¬ 
width, independently varies low and high 
frequency response, or functions as IF shift. 
It’s DX'ing Dynamite! 

A Total Communications System! 
Includes built-in 100% duty AC supply, high 
speed automatic antenna tuner, iambic 
keyer, semi-automatic or full QSK CW break- 
in to 60 wpm, Audio Peaking Filter (APF), RF 
speech processor, multiscanning, 105dB 
dynamic range, all-band/all-mode receiver 
with general coverage, and much more! 

ICOM Dependability. The phenomenal 
IC-781 is built for action and backed with 
the most extensive warranty in the industry. 

See the IC-761 at your local ICOM dealer. 

?COM 

Icom America, Inc. 

2380 116th Avenue N E., Bellevue. WA 98004 
Customer Service Hotline (206) 454-7619 

3150 Premier Drive, Suite 126 Irving. TX 75063 
1777 Phoenix Parkway. Suite 201. Atlanta. GA 30349 
ICOM CANADA. A Division of ICOM America, Inc.. 

3071 #5 Road, Unit 9. Richmond. B C V6X 2T4 

All staled specifications subject to change without notice or 
obligation All ICOM radios significantly exceed FCC regulations 
limiting spurious omissions. 781187 
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There is always time for some 
friendly fun that you don’t need a 
license to enjoy — and appreciate... 

Are you into Packet Radio? Thinking 
about it? Then you definitely need 
CTM! During 1987 we had 65 packet 
and packet related articles and that 
doesn’t even count the other HAM 
articles or the many Computer articles. 
The other four ham magazines* only 
had 26 packet articles during 1987. 
There’s something for everyone in 
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CTM is the ham radio and computer 
magazine with that “down home 
flavor”, dedicated to the practical 
aspects of Amateur Communications. 
Just starting out? You'll find our well- 
illustrated tutorials friendly and open; 
we show you how. If your interest is in 
High Tech, you’ll find reviews and user 
reports of the latest thing to come down 
the pike and they are written so you can 
understand them too! If your interest is 
in training, you’ll find articles for ham 
radio, computers and emergency 
communications. 
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the relay arms. We observed no stray effects between 
the active filter networks and adjacent coils, despite 
the compact packaging. Ferrite beads were used in 
all relay driving lines to prevent rf from getting into 
the dc switching circuits. Finally, all power lines were 
bypassed with decoupling capacitors and rf chokes 
and the finished product worked smoothly. 

digital intelligence 

The decoding for selecting the appropriate filter net¬ 
works was designed into the digital interface command 
board (fig. 9). When power is first applied, all logic 
circuits are reset via the built-in power-on strobe 
circuits as shown. This mutes the receiver and trans¬ 
mitter circuits until the synthesizer locks up on the fre¬ 
quency indicated by the thumbwheel switch and the 
dot-matrix LED display. Within a few milliseconds a 
short tone burst, audible through the audio amplifier 
of the transceiver, signals transceiver readiness. The 
entire transceiver then is set to the frequency indicat¬ 
ed by the thumbwheel switch, which also controls the 
filter selection. The half-octave filters are automatically 
selected by the BCD-to-decimal decoder, which in turn 
activates one of the eight lines going to the filter banks 
(fig. 9). In addition, parallel digital data intended for 
the display is modified by the amount of i-f frequency 
before being sent to the synthesizer. 

final considerations 

Some additional, but unrelated, circuits are shown 


in fig. 9. In the WB3JZO transceiver, mode selection 
is made automatically at power-up and is initially in 
the upper sideband condition. It is controlled with a 
push-push sequencer button located in the front of 
the transceiver. Selection is indicated by a large LED 
display, visible through the front panel, programmed 
to show the letters U, L, or variations of the letter C 
for different CW bandwidths. Similar circuits control 
the AGC characteristics of the receiver, and several 
other functions. The frequency display shows the fre¬ 
quency of the thumbwheel switch (which acts as a 
280,000-position band switch) as soon as power is 
applied. The operator can then take over the frequency 
control manually via the optical interrupter of the trans¬ 
ceiver over a 10-kHz range. Split operation is activated 
by the memory switch (fig. 9). 

When the operator sets the thumbwheel switch to 
the chosen frequency, the 7430 NAIMD gate 1C detects 
any large frequency change and resets all circuits. 
This mutes the transceiver for a few milliseconds until 
there is lock-up and the MC-4024 generates a short 
sequence of tones indicating that the change has been 
made. Any out-of-band (i.e., outside the range of 2 
to 30 MHz) condition disables transmitting and receiv¬ 
ing circuits generating a set of aural and visual alarms 
(audio tones and all decimal points are lit on the alpha¬ 
numeric display). 

conclusion 

This paper details a procedure for defining and 
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ALL ABOUT CUBICAL QUAD ANTENNAS 

by Bill Orr. W6SAI and Stu Cowan. W2LX 

[he cubical quad antenna is consideied by many to be the 
best DX antenna because nt its simple lightweight design 
and high performance You'll find quad designs lor every 
thing Irom the single element to the multi element monster 
quad There s a wealth ol data on construction feeding 
tuning and mounting quad antennas 112 pages 1982 
3rd edition Includes data lot VVARC bands 
RP CO Softbound $7.95 

THE AMATEUR RADIO VERTICAL HANDBOOK 

by Cpt Paul H Lee. USN (Ret ). N6P1 

Based upon the author s years ol work with a number ol differ¬ 
ent vertical antenna designs you'll get plenty ol theory and 
design information along with a number ol practical construe 
tion ideas Included are designs tor simple 1/4 and 5/8 wave 
antennas as well as broadband and multi element directional 
antennas Paul Lee is an engineer and avid ham and is Ama 
teur Radio's resident expert on the vertical antenna 1984 
2nd edition 

CQ-VAH Sottbound $9.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 

by Bill Orr. W6SAI and Stu Cowan. W2LX 

Contains lots ot well illustrated construction protects tor 
vertical long wire and HF/VHF beam antennas There is 
an honest ludgment ol antenna gam figures, information on 
the best and worst antenna locations and heights a long 
look at the quad vs the yagi antenna, information on 
baluns and how to use them and new mlormation on the 
populai Sloper and Delta Loop antennas The text is based 
on proven data plus practical, on the an experience 190 
pages 1978 1st edition 

RP AH Sottbound $9.95 

HF ANTENNAS - The Easy Way 

by John Haerle. WB5IIR 

This tutorial is an excellent source book on antenna theory 
and applications Examples ol areas covered are fun¬ 
damentals. antenna arid leedlme terminology baluns 
qround systems, lightning protection The Basic Antenna. 
the dipole the repp. G5RV Wmdom Special Antennas the 
slopci DORR Beverage folded unipole Beams W8JK 
Yagi two element quad and the 160 metet band slot >■ 
John's writing is in an easy-to understand conversational 
style and is lull ol examples and handy tips and hints 
There arc no drawings or illustrations but John’s prose 
paints pictuies lor clear and complete understanding ol the 
mlormation being presented 1984 1st Edition 
JH AT Softbound $11.95 
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ONLY ONE NEAT SMALL 
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NDS' EXCELLENT FOR 
APARTMENTS! IM¬ 
PROVED DESIGN I 


<1 FOR ALL MAKES AM 
", ATEUR TRANSCEIVERS! 
1 GUARANTEED FOR ZOOO 
WATTS SSB INPUT FOR 
NOVICE AND ALL CLASS 
AMATEURSICW- AM-FM 


COMPLETE wnh 90 fi RGSBU-S2 ohm leerthn*. and 
PL2S9 connector, Inxuldtorc. 30 ft 300 Si tect drtcron end 
supports, center connecter with built in lightning arrester end 
•tctic discharge sealed, weather pro of, traps 1“X5“ wl 3 ot 
LowSWR <i»*r ajl bands -Tuners usuaUT, NOT NEEDED? Can be 
used as inverted vs- ttopers - in allies, on building tops or narrow 
lots WORKS ON NEW WARC BANDS' The ONLY AN 
TENNA YOU WILL EVER NEED FOR ALL BANDS' NO 
BALUNS NEEDED' 

1GO•00*40-20-15-10•• 4trap - IG9 ft No lOGOE fl34 95 
B0.40-20-15-10 • . 2 trap -104 ft - No - 99BE <90.95 
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SEND FULL PRICE FOR PP DEL IN USA (Canada is 55 00 
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ship m 2-3 days (Per G‘* 14 days) All antennas guaranteed 
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LOW BAND DX-ING 
COMPUTER PROGRAMS 
by John Devoldere, 0N4UN, for 
Apple lle/c, MS-DOS, Commodore 
C-128 Apple Macintosh and Kaypro 
CPM Computers 

Here's a collection ot 30 super programs 
written by ON4UN Just about every interest 
or need is covered—from antenna design 
and optimisation to general operating pro¬ 
grams Antenna programs include shunt 
and series input L network design leedlme 
transformer, shunt network design. SWR 
calculation plus 11 morel General Ham pro¬ 
grams include sunrise/sunset, great circle 
distances, graylme. vertical antenna design 
program, sunrise calendar plus 9 more 1 
Phew When you sit down to use these pro 
grams you It be amazed at what you have 
The best value m computer software avail¬ 
able today 1986 

UN Apple lle/llc S39.95 ea. 

UN-MS (MS-OOS) S39.95 ea. 

UN-CPM/Kaypro $39 95 ea 

UN-C-128 (COMMODORE) S39.95 ea. 

UN-MAC (MACINTOSH) $49.95 


Factory-less, 

jumper-less, 

ROM-less programming 


With the new S-COM 5K Repeater 
Controller, you'll be able to configure 
your repeater remotely — using DTMF 
commands. Only the 5K offers this 
capability lor just $189. wired and tested 

S-COM Industries 

PO Box 8921 
Fori Collins. CO 80525 
(303) 493-8316 
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LOW BAND DX'ING 
by John Devoldere ON4UN 

Now Available! The new. 2nd edition ot the 
definitive book on Low Band DX'ing Based 
upon years of practical on-the-air 
experience, learn the secrets of how 
ON4UN has been so successful on the low 
bands Extensive coverage is given to trans¬ 
mit and receive antennas with clear concise 
explanations and plenty of illustrations— 
dipoles, inverted V s, slopers. phased arrays 
and Beverages they’re all in this book 
Also covered propagation transmitters, 
receivers operating, software and an exten¬ 
sive Low Band bibliography Going to be a 
best seller' Get yours today 1987 2nd 
Edition 200 pages 

AR-UN Softbound S9.95 

BUY'EM BOTH 
SPECIAL OFFER 

Book & Software Reg $49 90 
($59 90 for Mac) 

Just $44 90 ($54 90 for Mac) 

UN-SO (specify computer) S44.90 

UN-MSO Macintosh Special S54.90 


BEAM ANTENNA HANDBOOK by W6SAI and W2ix 

Completely revised and updated the Beam Antenna Handbook 
includes the very latest stale ol lhe art antenna design Com 
pulei generated beam dimensions lor the 40. 30. 20. 17. 15. 

12 10 and VHF bands ate included eliminating the need loi 
time coiisuminq math calculations Alsu coveted are Beam 
height and optimum apex ol radiation how element types and 
haidware effect performance effect ol nearby ob|ecls on raJ, 
ation patterns leedlmes baluns and matching systems and 
much mnie Ham Radio VHF columnist Wl JR. and noted Eu 
ropean VHF er Dl6W0's VHF antenna designs are covered ex 
lensively as well as NBS VHF long Yagis 268 dearly written 
pages - 204 easy to understand illustrations, make this the 
book to buy for beam construction 1985 1st edition 
RP BA Sottbound $9 95 


PRO 


A Easy-To-Use Logbook 
Program Lor Your 
MS-DOS’ Compatible Computer 

* Complete Cursor Control 

* Room to store complete 
address information 

* A Real-Time Log 

* Total QSL's by State 

* 900 QSO's on floppy, hard 
disk limited by space available 


SIMPLE LOW COST WIRE ANTENNAS 

by Bill Orr. W6SAI and Stu Cowan. W2LX 

Learn how lo build simple, economical wire antennas 
Apartment dwellers take note 1 fool your landlord and your 
neighbors with some ot the invisible antennas found 
here Well diagrammed 192 pages 1972 

RP WA Sottbound S9.95 


ARRLANTENNA BOOK 

14th Edition 

The Amateur Antenna bible Includes |usl about every bit ol in- 
formation you'd evei want to know about antenna design 
construction and theory Starts with wave propagation 
antenna fundamentals and transmission line theory, pro 
gresses through coupling the transmitter and antenna tn the 
leedlme to 9 big inclusive chapters on how to build dilteient 
antennas 1982 14th edition 200 pagss 
Please enclose S3 50 shipping & handling AR AM Sottbound S8 00 

ORDERS ONLY: (800) 341-1522 FOR INFORMATION: (603) 878-1441 

ham radio BOOKSTORE 
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fig. 9. Partial schematic diagram of the transceiver's digital 
control (DBIC) used for half-octave filter selection. 
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Packet Units 
Now with ' 
WeatherFAX. 
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Short Wave Listening 


TEN-TEC 


TM-221A/321A/421A 

2m/220/440 MHz Mobiles 


Paragon 

Amaleur Transceiver wilb 
General Coverage Receiver 

Corsair II 

Model 561 HF Transceiver 


rv. 


New 

Improved 
TH 215AT 

2m Handheld 

TH-25AT/45AT 

Tiny HTs tor 2m/440 MHz 


FT-757GX Mark II 

HF Transceiver with 
General Coverage Receiver 


I Micro 2AT/4AT 

Mini Handhelds 
lor 2m or 440 MHz 

IC-02AT/03AT/04AT 

Handhelds lor 2m/220/440 


Towers Computer Stuff Accessories 


UNARCO-ROHN 

TRI-EX 

HY-GAIN 

Ask lor package quotes on 
complete lower assemblies 
including Phillystran guy 
wire, antennas rotators, etc 

ROTATORS 

Kenpro. Alliance. Daiwa. 
Telex Hy Gam 


Packet Controllers 

Kantronics and MFJ 

Amateur Software 

Ham Data Software lor 
Commodore Computers 
Ask lor Descriptions 

RTTY / Morse / Amtor 

Hardware and Software and 
packages by Kantronics. 
Microlog, HAL. MFJ. & more 


AMPLIFIERS 

Vocom Daiwa IE Systems 
Amp Supply. Mirage Alinco. 
Amerdron, Tokyo Hy Power 
RF Concepts 

ANTENNA TUNERS 

Amp Supply, Ameritron. MFJ 

Switches. Couplers, Filters. 
Connectors. Mikes. Keyers. 
Paddles. Headsets, Clocks. 
Books, Power Supplies 


ALD 24T 

Compact Dual-band Mobile 
tor 2m & 440 MHz 


More Radios 


SONY 

Receivers 

REGENCY 

BEARCAT 

Scanners 

CB RADIOS 

Midland Cobra, Umden 


To Order Call Toll Free: 800-444-4799 ege 1 
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220 MHz on June 14, 
1987 Bill Duval, K5UGM of 
Irving. Texas made the fir§l ever 
220 MHz sporadic E contact with John 
Moore W5HUQ/4 ol Orange Park. Florida. 
Both operators were using 220B Boomers 


144 MHz on June 14. 1987 Jim Frye, NW70 using the 
4218XL Boomer contacted Jim Poore, KD4WF using a 215WB 
Boomer to set a new 144 MHz overland distance record of 1980 
statute miles 

144 MHz on August 3. 1987 Gordon West WB6N0A. using a V 2 watt handheld into 
a pair of 4218X1 Boomers contacted KH6HME in Hawaii a distance record of more than 
2400 statute miles. 


Make Boomer quality and performance work for.you Whether you choose one of our two new 
220 MHz antennas, the most popular 215 WB or*the world class 4218XL, you will have all of the 
best Boomer features. Whatever your choice of operating mode or distance BOOMER DOES 
IT BETTER 



THE ANTENNA COMPANY 

48 PERIMETER ROAD, MANCHESTER. NH 03108 USA 
603-627-7877 • TELEX 4949472 • FAX 603-627-1764 














implementing automatic switched half-octave filters. 
The key to this method is to design the electrical filters 
with a minimum number of elements, while maintain¬ 
ing stringent electrical and mechanical requirements 
over a wide frequency range. 

The resulting architecture is modular in that it pre¬ 
serves the plug-in board approach in a high-power rf 
environment and allows for proper digital interfacing 
to automate the system. 

Although this project is dedicated to hf communi¬ 
cations and particularly to linear amplifier harmonic 
suppression, there are many opportunities for using 
similar systems in other signal processing tasks. The 
authors would like to hear from anyone who has found 
new or novel applications for this concept. 
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frequency calibration 

using 60 kHz WWVB 


phase comparison method 
using NBS station 
yields higher accuracy 


As the techniques used by the average Amateur 
Radio operator become more sophisticated, the need 
for precise frequency control becomes more impor¬ 
tant. Satellite communications, digital data links, co¬ 
herent CW operation, and even the everyday business 
of saying "QSV to 14259.0" all place increasing de¬ 
mands on our ability to accurately measure frequency. 

WWV and WWVH have been used for years to cal¬ 
ibrate equipment by audibly comparing transmitted 
signals against the receiver's internal reference oscil¬ 
lator for zero beat. This is still the most convenient 
method. However, for greater calibration accuracy, 
use station WWVB which transmits on 60kHz. 

WWVB broadcasts a highly stable reference signal 
in the Very Low Frequency (VLF) band and, despite 
its relatively low power, is receivable nationwide. Its 
signal is a continuous carrier modulated by decreas¬ 
ing output power 10 dB on the second for varying 
pulse widths. In this way, time, date, and error infor¬ 
mation are sent in binary format without disturbing the 
phase coherence of the reference signal. None of this 
information is decodable using standard audio detec¬ 
tion techniques. 

In recent years there have been a number of arti¬ 
cles dealing with reception at VLF. Most employ con¬ 
version circuits which work fine for a-m, CW, and 
RTTY but are useless for reference work. The fol¬ 
lowing circuit overcomes this limitation by using a syn¬ 
chronous detection scheme, which when used in con¬ 
junction with an oscilloscope, gives a convenient visual 
readout of frequency error. 

The rf signal from the antenna is amplified without 
conversion using moderate selectivity and after con¬ 
ditioning is fed to the vertical channel of an oscillo¬ 
scope. If the horizonal sweep time is then set to display 
about two cycles at 60 kHz (5 microseconds per cm 
on my scope), and the sweep is triggered by an oscil¬ 


lator at 60 kHz or any submultiple frequency (i.e. 60 
kHz/n; where n = 1, 2, 3, etc.) the rf signal can be 
directly viewed. The modulation appears as amplitude 
level shifts on the screen, and the frequency error of 
the oscillator is displayed as a phase drift. Rightward 
drift means the frequency is high and leftward drift 
means it is low. The rate of error can be exactly cal¬ 
culated from the following formula: 


error in parts per million 


16.7 

T 


where T is the time in seconds for one full sine wave 
to drift past a reference point on the screen. (See 

fig. 1) 

This creates a visual converter of very high Q. The 
screen's phosphorus persistence provides selectivity 
and the difference signal is detected as drift, easily 
measured in both direction and level. The result is an 
accurate method of frequency standard calibration at 
minimal cost. 


using an existing oscillator 

In most situations, one oscillator is established as 
the reference source. It can be used as a 100-kHz band 
marker, the master oscillator of a phase-locked loop 
scheme, or as the standard oscillator in a frequency 
counter. This reference oscillator should be calibrat¬ 
ed by phase comparison to WWVB. 

To properly use this circuit for calibration, it is neces¬ 
sary that the oscillator signal be brought out of your 
existing equipment and be processed so that a suit¬ 
able submultiple frequency is available. Do some in¬ 
dividual planning before beginning construction. 

Digital division is usually necessary as the oscillator 
frequency will be higher than 60 kHz. Most equipment 
has internal dividers so the subfrequency you need 
may already be available. Make sure that this source 
is not so heavily loaded by the interface circuit that 
stability is affected. 

Suitable frequencies meet the following require¬ 
ment: 

60000 , , „ , 

frequency (Hz) = “ where n = 1,2,3....etc. 

By John A. Cowan, W4ZPS, 303 Kingston 
Highway 293 NW, Cartersville, Georgia 30120 
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fig. 1. 60 kHz "receiver" diagram and inset drawings showing i-f transformer and transistor pinouts. All capacitors are 
in microfarads and all resistors 1/4 watt except R1. 


parts list 


CR1.CR2 

1-amp general purpose power diodes 

CR3 

6.0-voJf Zener diode, 1 watt 

C1-C4 

0.01/iF 100-volt mylar capacitors (Jameco No. MY.01/100) 

C5-C11 

3.3(iF 35-volt dipped tantalum (Jameco No. TM3.3/35) 

C12 

100t>.F 6-volt dipped tantalum (Jameco No. TM100/6) 

C13-C16 

25 fiF 25-volt electrolytic capacitors 

R1 

100-ohm 1 /2-watt resistor 

R2-R10 

100-ohm 1/4-watt resistors 

R11 

470-ohm 1/4-watt resistor 

R12 

1-k 1/4-watt resistor 

R13 

10-k 1/4-watt resistor 

R14 

33-k 1/4-watt resistor 

R 15 

47-k 1/4-watt resistor 

R16,R17 

100-k 1/4-watt resistors 

T1-T4 

1-mH i-f transformers (Digi-Key No. TK 2001) 

Q1-Q3 

40673 MOSFETs (Jameco No. 40673) 

04,05 

2N3906 PNP transistors 

Q6 

2N3904 NPN transistor 


A 100-kHz oscillator need only be divided by 10 since 
the resulting 10 kHz is a suitable submultiple (n = 6). 
A 1, 2, 3, or 6-MHz signal could be divided by 100 as 
10, 20, 30, and 60 kHz also work (n = 6, 3, 2, 1). Os¬ 
cillators at 4, 5, and 10 MHz must be divided by 1000. 
Division by 1000 works for all the above frequencies 
because further division of a suitable frequency always 
gives another. The only drawback in using higher than 
minimum division ratios is that fewer sweeps per sec¬ 
ond mean a dimmer display. Some frequencies are 
selected for use in binary schemes and will need divi¬ 
sion by binary counters. Rarely does a frequency re¬ 
quire complex divide-by-n circuitry. 

crystal oscillators aren't perfect 

There's no such thing as long term stability in crys¬ 


tal oscillators. Even the best commercial circuits drift 
as the crystals age. The best that can be hoped for 
is to minimize short term drift from voltage changes, 
loading, and ambient temperature variations. Once 
tuned to frequency, these oscillators drift slowly and 
at a constant rate. Eventually, however, the cumula¬ 
tive effect of crystal aging will leave the frequency far 
from its mark. These are the times when this circuit 
and WWVB come to the rescue. 

antenna considerations 

Many antenna designs are suitable for use at 60 kHz. 
Loops, top-loaded verticals, and elaborate long-wire 
arrays all work well. However, when only reception 
is important, and cost the major factor, a short long 
wire and good earth ground are hard to beat. 

One good technique uses a run of RG-59/U coax 
to exit the building and then attach the braid to a good 
earth ground. From this point, attach a length of wire 
to the center conductor and run it as far as possible. 
On small lots, running around the perimeter of the 
property gives good results. One leg of a dipole an¬ 
tenna may work well, but make certain that baluns and 
matching networks don't attenuate at 60 kHz. Power 
lines and color television sets generate significant in¬ 
terference at VLF, so locate the antenna as far away 
from these sources as possible. 

Neither height nor great length is absolutely neces¬ 
sary. Even at my rather fringe location, I have received 
usable signals on a 30-foot wire running across the 
basement floor. My primary antenna is somewhat 
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W6SAI BOOKS 

published by Bill Orr. W6SAI and Stu Cowan. W2LX 
BEAM ANTENNA HANDBOOK 

Completely revised and updated with the latest computer generated minima 
lion un BfAM Antenna design Covers Hf and VHF Vagis and 10 18 ind 24 
MH/ WARC bands Everything you need to know 204 illustrations 268 
pages 1985 Revised 1st edition 

RP-BA SoHbound $9 95 


SIMPLE LOW-COST WIRE ANTENNAS 

Primer on how to-build simple low cost wire antennas Includes invisible 
designs lot apartment dwellets Foil ot diagtams and schematics 19? 
pages 1972 2nd edition 

RP-WA Sottbound S9.95 


ALL ABOUT CUBICAL QUAD ANTENNAS 

Simple to build, lightweight, and high perfotmartce make the Ouad at l)X eis 
delight Everything from the single element to a multi element monster A 
wealth ol information on construction leeding tuning and installing the 
quad antenna 112 pages 198? 3rd edition 

RP CQ Sottbound S7.95 


THE RADIO AMATEUR ANTENNA HANDBOOK 

A wealth ol protects that covets verticals long wttes. beams as well as 
plenty ol other inteiesting designs It includes an honest lodgement ol gam 
figures how to site yout antenna lor the best performance a look at the 
Vagi Ouad controversy baluns. slopets and delta loops Practical anlenna 
protects that work' 190 pages 1978 1st edition 
RP AH Sottbound $9.95 


Please enclose S3 50 lot shipping and handling 


ham.- 

radio, 

GREENVILLE. NH 03040 


BOOKSTORE 


(603) 878-1441 


10.7 MHz CRYSTAL FILTERS 

WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 
Export inquiries Invited 

ANTENNAS 

ZM 

10XY-2M S93 00 LOOP yAGIS 

70cm 1268-1 V 

70/MBMZH 65 00 1296-LY 

70/MBM1B 90 00 t691 LY 

70/MBM88 135 00 older loop yagi 

DY20 900 MH/ 99 00 


Shippinq S3 75 


LOOP VAGIS 

1268-LY $60 00 

1296-LY 60 00 

1691 LY 70 00 

order loop yagi connector extra 


Send 66C |3 stamps! lor lull details ol all (jui VHI 0 UHF equipments and KVG crystal 
products ____ 

Shipping FOB Concord Mass T/5T 

Puces subierl ti» chamje wtltnut notice 


(617)263-2145 
SPECTRUM 
INTERNATIONAL. INC. 
Post Office Box 1084 
Concord. MA 01742, U.S.A. 


MOOEL 


XF 9A 
XF 9B 
XF 9B 01 
XF 9B 02 
XF 9B 10 
XF9C 
XF 9D 
XF 9E 
XF 9M 
XF 9NB 
XF-9P 
XF-910 


Band¬ 

width 


2 4 kHz 
2 4 kHz 
2 4 kHz 
2 4 kHz 

2 4 kHz 

3 75 kHz 
5 0 kHz 

12 0 kHz 
500 Hz 
500 Hz 
250 Hz 
15 kHz 


Pole* 


Price 


$61 00 
09 00 
125 00 
125 00 
165 00 
89 00 
09 00 
09 00 
62 00 
145 00 
175 00 
21 00 


TINY-2 PACKET CONTROLLER 


$119.95 


READY TO USE - NOT A KIT 

USES TNC-2 EPROMS INCLUDING NET/ROM FIRMWARE VERSION 1.1.5 PROVIDED 
32K RAM AND 32K EPROM STANDARD 

SUPPORTS BOTH RS 232 AND TTL COMPUTERS. 300-19,200 BAUDS 

EXTRUDED ALUMINUM CABINET WITH OVEN BAKED WRINKLE FINISH. ONLY 5* x 7* 

WATCHDOG TIMER. MODEM DISCONNECT HEADER, 12V DC OPERATION. 


X*. X 

THE BEST VALUE IN A VHF/HF TNC ^ 

/ PAC-COMM TNC-220 $149.95 

WITH TUNING INDICATOR $179.95 

■ NOW WITH 32K RAM STANDARD, FIRMWARE VERSION 1.1.5 

- SELECT EITHER HF OR VHF RADIOS FROM THE KEYBOARD 

- SUPPORTS RS-232 AND TTL COMPUTERS 

- IN KIT FORM ~ $129.95 

- INTERNAL TUNING INDICATOR - $44.95 *" 245 


PACKET TERMINAL PROGRAMS 


PAC-PRO (PC) 

*29 95 

DIGIPACK II (PC) 

*49 95 

MACPACKET (MAC) 

*49 95 

MACKET (MAC) 

... *39 95 

COMMODORE 64 

*19 95 

TNC-200. TNC-220 VERSION t 

15 EPROMS 

*10 00 



ACCESSORIES: 

I2v WALL MOUNT POWER SUPPLY $9 95 
RS-232 CABLE *9 95. C-64 CABLE *12 95 


WRITE OR CALL FOR OUR NEW CATALOG OF PACKET EQUIPMENT. SOFTWARE AND ACCESSORIES. 


TOLL FREE 
(ORDERS ONLY) 

800-223-3511 

EXCEPT FLORIDA 


PiC-COMM- 3652 West Cypress St., Tampa, FL 33607 

FLORIDA ADDRESSES ADD 5% $3 00 SHIPPING/HANDLING PER ORDER 


TECHNICAL INFORMATION 

7 30 AM 11 PM EASTERN 

(813) 874-2980 

TELEX 650 288 1526 MCI 
FAX (813) 872-8696 








Gunnplexer/ 

s, occe/zorie/ ic 


NO TUNERS! 
N0 RADIALS! 
NO RESISTORS! 
NO COMPROMISE! 
1HKFE EXC ELLFN1 REVIEWS |UST 
DON'T HAPPEN B> C HAN( F. 

( ALL US FOR A FKFF ( ATALOGUE. 

•Si*, ii*\ii*\\ in C li I "I I'MM 

•S»*|H ( IMM. I'MU. 

NEW LOCATION! 
BILAL COMPANY 
137 M.ini Hester Dr. 
Fluriss.int, Colo. 80816 
(71*1) 687-0650 


A. Microwave AibocIiIm 10 OHz Gunnpleaar. Two of these transceivers con lomt the hoorl ol a 10 GHz 
communication ayalam tor voice, mew, video or data Iransmlaalon. not to mention mountalntop OXIngl 
MAB7141-1 (pair ol 10 mW transcalvars) .201.06. Hlghar power unlta (up to 200 mW) available. B Micro, 
wava Aaeoclatee 24 GHz Gunnplaxar. Similar characteristics to 10 OHz unit. MA87820 4 (pair ol 20 mW 
tranacatvara) .73. 20 C. Tbla aupport modulo la daalgnad lor uaa with tho MA87141 and MA87820 and 
provldae alt ol the circuitry for a full duplex audio tranecelve ayalam. The board contalne a lownolse. 
30 MHz fm receiver, modulalora lor voice and mew operation. Gunn diode regulator and varactor eupply. 
Meter outputa are provided lor monitoring received algnal lavala. dlacrlmlnator output and varactor tuning 
voltage. RXMR30VD aaaamblad and taated . 1 19.95. 0. Complete, ready to uaa communication ayalam 
lor voice or mew operation. Ideal lor repeater linking. A power aupply capable of delivering 13 volte dc 
at 260 mA (lor a 10 mW version). microphone, and headphone and/or loudopeaker are the only additional 
llama needed lor operation. The Gunnplexer can be removed lor remote mounting lo a tower or 2 or 4 
loot parabolic antenna. TRtttOA (10 GHz. 10 mW) .399.96. Hlghar power unlle available TR240A (24 GHz. 

20 mW) .639 95 Also available: horn. 2 and 4 loot para- 
bollc antennae. Gunn, varactor and detector dlodee. 
search and lock systems, oecMIstor modules, waveguide, 
flanges, etc. Call or write tor additional Information. Let 
ARR taka you hlghar with quality 10 and 24 GHz aoulpmanll 


Wideband Preamp 10-1000 Mhz 

Dual GasFet low noise 
preamplifier for HF. UHF or VHF 
systems. Just perfect for the R- 
7000. Excellent for Spec 
Analyzers. Scanners, etc. Gain 20 
Db + /- 1 DB. -3 Db at 2 & 1100 
Mhz. I Db compression of >-10 
Dbm. Intercept points >-45 Dbm. 
New shipped price of only 
$124.95. Pa. residents please odd 
6% state tax. 

GTI Electronics 

RD 1 BOX 272 
Lehighton. Pa. 18235 
717-386-4032 


Advanced 
Receiver 
Research 

Box 1242 • Burlington CT 06013 • 203 582 9409 


NEMAL ELECTRONICS 


•Complete Cable Assembly facilities MIIySTD45208 

•Commercial Accounts welcome- Quantity pricing • Same day shipping most orders 
•F'aclory aulhori/.ed distributor for Alpha, Amphenol, Belden, Kings Times Fiber 

Call NKMAI. for computer cable. CATV cable. Flat cable, semi rigid cable, telephone cable, 
crimping tools!, D-sub connectors heat shrink, cable lies high voltage connectors 

CONNECTORS-MADE IN USA 

NE720 Type N plug hi Baklan 9913 . *395 

NE723 Type N tack hi Baklan 9013 . 4.96 

PL259 atamlaid UHF plug tar HGB.213 .65 

PL2SMM Amphanol PL2SB ..88 

PLZ587S PL7S9 tattoo tm/tdvat platad .. ... t 59 

PI.256AAI Amphenol tamala-lamala Ibanal) - 1 45 

UG1 75/UG1 76 raducat hi RG56/58 lapacity) 23 

UG210S N plug hi BG&213214 Sthai .335 

UGB3B N lack h PI.?59 adaptai tattoo .6 50 

UG146A S0239 to N plug adaptai. tattoo . 650 

UG2 55 SO?39 to BN C plug adaptai. Amphanol 329 

S 0239AM UHF chassis rrt racaptac la. Amphanol SB 

GROUND STRAP GROUND WIRE 

GS36 3/V tinned copper brmd .. U 

GS12 1/T tinned copper brmd ... /\ 

GS200 11/7" hemy tinned copper bra/d —. . 

HW06 Age insulated stranded wtre . *- 

AW14 Uga stranded Antenna wire CCS - /_ 


COAXIAL CABLES tpai it) 

1100 BELDEN 9913 vary tow tozl . 

1102 RGB/XJ 95% ahnld tow taaz toam llga 

1110 RGSX 95% J taatd (Idn B) ... 

1130 RG2I3/U 95% itvald md tpac NCV ltd 
1140 BG214/U dtl Hhai ahld md i pac 
1705 RGI42B/U dtd vlvai xhtd, tattoo Ins 
1310 BG217/X) SO ohm 5000 wart dbt z hid 
1450 F1G174/U SO ohm tOCf od md ipac 

ROTOR CABLE-8 CONDUCTOR 

AC fa?? 2- IBga and 0 22ga - 

SC 1620 2- IBga and 6 20ga -- 


♦shiiiplnir. G3>lc H/IM. ro nnc.lon U.lVl. Vlsa/M.umsrd 530 min, COD add S2.00 

Call Junta hi complata pnea list Namala new 36 paga CABLI AND CONNtCTOH SELECTION GUIDE it avadatda 

at no chaiga w/rti oidaia of BO of mow. oi at a coat ol *4 with ciadit agamat naat qualifying otdat 


List Pmct $2245 00 
Sait Pnict $ 1 99b 00 

{LiMitfcO TIMI ONIt) 


NKMAI. ELECTRONICS, INC. 12240 NE 14th Ave. N. MiamL F*l. 33161 
(305) 893-3924 Telex 6975377 24hr F AX (305/8954117* 


MISSION COMMUNICATIONS 

11**0 i A »! • i.m6«» Vi# 

U *AS »/l«r 

<ri ji at* nil 4 

Telva 11.68 17 Mf ON UT 


__ — 

it * -• -t i : 
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mm 
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longer and made of well insulated wire buried 3 feet 
underground! 

In every case,a good (but not necessarily elaborate) 
earth ground is essential. 

propagation 

For about an hour, around sunrise and sunset along 
the main propagation path, signal strength and phase 
coherence are unreliable. During daylight hours (high 
sun angles) signals arrive entirely by ground wave and 
measurements performed then are theoretically most 
accurate. However, daytime weather along the route 
and noise spikes from power lines may be problems 
at times. 

At night, particularly at some distance, sky wave 
propagation is a factor. Initially, ground and sky wave 
may be of near equal strength, alternately canceling 
and reenforcing one another, giving rapid phase shifts, 
and affecting reliability. Later, sky wave can dominate, 
providing significantly higher signal strengths while 
weather noise decreases. This improved signal-to- 
noise ratio makes the binary information easier to de¬ 
code, although the varying path length will affect ac¬ 
curacy. 

circuit description 

The actual circuit design (see fig. 2) is straightfor¬ 
ward with only a few necessary subtleties. Q1. 02, 
and Q3 are used as variable gain amplifiers, which 
along with T1, T2, T3, and T4 form an RF amplifier 
having moderate selectivity. Q4 and Q5 have emitter 
base junctions wired back to back, which clip the peak 
output voltage and along with Q6 derive an AGC volt¬ 
age that is fed back to gate 2 of the MOSFETs The 
AGC time constant is selected to prevent noise spikes 
from desensing the amplifier while being slow enough 
not to demodulate the a-m signal. A 100-ohm 1/2 watt 
resistor with back to back diodes is included at the in¬ 
put for" lightning protection. The AGC voltage is avail 
able at TP1. 

construction 

At VLF layout is not critical and any reasonable 
materials, including perfboard, may be used. I prefer 
to build on one side of a copper-clad board and tack 
solder all components to this surface. Major com¬ 
ponents are glued or soldered to the surface and 
smaller pieces suspended in between With care and 
practice, circuits can be quickly assembled, easily 
modified, and result in a finished product of surpris 
ing mechanical stability. 

To begin construction, drill four holes in a row about 
1 inch (25 mm) apart and ream them out to snug fit 
coils T1 to T4. Make their bases level with the work 
ing surface. Bend those terminals that need to be 
grounded 90 degrees and solder directly. Capacitors 



fig. 2. Single sided solder tack construction technique is fast 
and mechanically/electrical sound A few circuit improve¬ 
ments have been made so schematic differs slightly. 

and diodes can be soldered from the proper lugs to 
ground with short leads. Suspend the 40673 MOSFETs 
upside down by the coil lugs for the gate 1 and drain, 
the 100-ohm source resistor and bypass for the source, 
and the bypass capacitor for gate 2. Take care that 
the case doesn't actually contact ground. The other 
components are suspended between the MOSFETs 
and the circuit board. The board can be used for sup 
port wherever a bypass capacitor is needed. Connect 
power and the test point (TP1) by feedthrough capac¬ 
itors and the input and output signals by coax con¬ 
nectors or phono jacks. 

alignment 

Verify the wiring. Now connect a jumper between 
TP1 and ground to reduce the receiver gain to a mini¬ 
mum. Apply 12 to 15 VDC and check the current 
(should be 10 to 15 mA). Check the voltage from 
source to ground at each transistor. This should read 
between 0.2 and 0.4 VDC. 

Connect a 60 kHz frequency source to the input and 
connect an oscilloscope to the output. An audio os¬ 
cillator can be used, but be careful that the frequency 
is within 100 Hz. Peak the coils starting with T4 and 
work backward, reducing the input when necessary 
to keep all stages in a linear range. 

If there is a problem, connect the oscilloscope to 
gate 1 of 02 and peak T1 and T2. Then move the 
probe to Q3 and peak T3. At this point reconnect to 
the output and retune T4 through T1. When properly 
tuned, selectivity is sharp and there will be a rapid 
drop off as the test oscillator is tuned off frequency 

At this point the receiver is ready for operation. 
Make certain you have a reference signal that can trig¬ 
ger the scope and is at a suitable submultiple frequen¬ 
cy. To check this, connect the audio oscillator to the 
vertical input and with the sweep time at about 5 
microseconds/cm. see if the sine wave can be frozen 
(synchronized) as the frequency is edged through 
60 kHz. 

Now connect the antenna to the receiver’s input and 
the output to the vertical channel of the oscilloscope 
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1 STORE BUYING POWER 


All Major Brands in Stock Now 


CALL TOLL FREE (800) 854-6046 


Toll Iree including Hawaii Phone Hrs: 7 00 am lo 5:30 p m Pacllic Time California, Arizona and Georgia customers call or visit nearest store 
Calilornia. Arizona and Georgia residents please add sales lax Prices, speculations descriptions subject lo change without notice 


Advanced, 

Electronic 

Applications 

PK-232 Multi-mode 
Data Controller 


30w in I60w out 
with low-nois** 
preamp' 

MODEL 
2M30-160P 
for ? melers 


MA-40 

40' TUBULAR TOWER 

^245 SALE! $549 


MA-550* 

55" TUBULAR TOWER 

4434&SALE! $899 

• Handles 10 so ft at 50 mph 
• Pleases neighbors with 
tubular streamlined look 


Gordon West's 


21 DBV NOVICE 


•TX-455 

55 FREESTANDING 
CRANK UP 

• Handles IB sq It at 50 mph 

• No guymg required 

• Extra-Strength Construction 

• Can add raising and motor 

drive accessories ** 


• NEW IBM Fax Screen 
Display Program Available 

• Transmit/Reccivc on Six Modes 

• CW/RTTY/ASCII/ 
AMTOR/Packct/FAX 

• IBM and Commodore, 
terminal programs available 

• Radio Ports for HF and VHF 

In Stock for Quick Delivery 

Free Shipment 


IN STOCK FOR QUICK DELIVERY 
OTHER MODELS AT GREAT PRICES 


COD* TAMS • 112 PAG* BOOK • BANDS CHART 
AU KC TOAMS • SAMPU TCSTS • PLUS MOB* I 

• S70 in equipment certificate* from 
ICOM, KENWOOD, & VRESU 

• Horn rodio equipment Wish Books . 

• AflRl membership forms. 

• Hotline for student questions. AODWOftAI 

• Course completion certificate HEMS 


Alpha Delta 
Model DELTA-4 


m OX THAT 

11 m STANDS OUT 

FROM the CROWO 

\ 10,15,20 
> Meters 

Whether busting pileups. 
rag chewing or hunting 
rare DX. the A3 stands 
out from the crowd with 
the perfect combination 
ot easy assembly, the 
right size, rugged durabil¬ 
ity and great 
performance. 

• Boom Length 14 ft . 
Weight 27 lbs 

• Wind Surface Area 

4 36 ft k . . . 


Lightning Surge Protected 
4-Position RF Coax Switch 

• F KCl'ISIV,. 

• Micro-strip circuitry— 
no wafer switch 

Model DELTA-4 
(UHF Connectors) $69 95 
Model DELTA-4/N 
(N-type Connectors) $89 95 

FREE SHIPMENT 

MOST ITEMS UPS SURFACE 


Mast 

not 

included 


Contemporary design, 
quality and a 5 year warranty 
on parts and labor 
6 months on the RF Final transistors 

All amplifiers have GaAsFET receive 
pre-amps and high SWR shutdown protection 


SALE 

219.95 

Plus Shipping 


50 Q March 1988 


Tell ’em you saw it in HAM RADIO 1 













x 


UTLEY ' 

LARGEST HAM OUTLET IN THE WORLD 
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gailCQM IC-761 


B“JI irOM A Models 25W. 
P W H Models 100 W 

IC-275A/275H, 138-174 MHz 
IC-375A, 220 MHz 

IC-475A/475H, 430-450 MHz 


» » » 

^ O n 


=^SKs 


HF SUPERIOR GRADE 
TRANSCEIVER 

SALE! CALL FOR PRICE 


E3 icomV^ 

IC-28A/28H XV 7 


NOW! RAPID DELIVERIES 


YOU CAN OPERATE SIX BANDS 
WITH ONE CONTROLLER! 

2 MTR 25/45W, 440 MHz 10 MTR 6 MTR, 
220 MHz & 12GHz 10 MEMORIES 

ARE YOU READY FOR 
1.2 GHz OPERATION? 


OAST 
COAST 

r ★ 


_ 


2-METER MOBILES 

IC-28A (25w) IC-28H (4Sw) 

LOW PRICE! 


FROM STORE NEAREST YOU 


IC-02AT 

IC-2AT 

2MTR 

IC-03AT 

IC-3AT 

220 MHz 

IC-04AT 

IC-4AT 

440 MHz 


Q.ICOM IC-735 B3 ICOM IC-R7000 


i *“T-! 

o o * c: c 


The Latest in ICOM's Long 

25 MHz-1300 MHz 

Line of HF Transceivers 

IN STOCK FOR 

CALL FOR LOW, LOW PRICE 

IMMEDIATE DELIVERY 


o ICOM 

IC-u4AT/u2AT 

440 MHz, 2MTR 

Mini 
Hand-Held 
AT Model 
w/ TT Pad 

GREAT 

PRICE! 


All Major Brands in Stock Now! 

nSS, A 
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Join AMSAT...Today 

Amateur Radio Satellite OSCAR 10 
provides: 

• A New Worldwide DX Ham Band 

open 10 hours a day. 

• Rag Chew With Rare DX Stations 

in an uncrowded, gentlemanly fashion. 


• Popular Modes In Use: 

SSB, CW, RTTY, SSTV, Packet 

• Full Operating Privileges 

open to Technician Class 
licensee or higher. 

Other AMSAT Membership Benefits: 

Newsletter Subscription: 

Dependable technical articles, satellite news, 
orbital elements, product reviews, DX news, 
and more. 

Satellite Tracking Software 

Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
Support, Forum Talks 

Construction of Future Satellites For Your 
Enjoyment! 

AMSAT Membership is $24 a year, $26 out¬ 
side North America. VISA and MC accepted. 


AMSAT 
P.O. Box 27 
Washington, DC 20044 

301 589-6062 



(see fig. 31.WWVB should appear after the AGC lev¬ 
el adjusts. 

WWVB locking problems 

There are many factors that frustrate attempts to 
directly phase lock an oscillator to WWVB. The most 
obvious is that the signal is erratic during certain times 
of the day and a tight locking scheme could go awry. 
Secondly, for identification purposes, the signal phase 
is advanced 45 degrees at 10 minutes past each hour 
and returned at 15 past. There will be instability un¬ 
less offset circuitry is included. To avoid instability and 
other problems, you must start with a standard that 
is capable of maintaining short term stability of 0.0001 
ppm (parts per million) per day or better. Compare the 
phase daily when ground wave is dominant and com¬ 
pute the aging rates. Error correction information can 
then be fed back digitally to the oscillator control 
whenever necessary, irrespective of signal conditions. 

A more practical solution is to build or access the 
most stable oscillator possible and use this circuit to 
verify accuracy and, if necessary, make periodic ad¬ 
justments using WWVB. 

conclusion 

WWVB can be received at most locations in the 
United States using minimum circuitry and reasonable 
antenna systems. With an oscilloscope and a few 
divider ICs almost any oscillator can be calibrated to 
0.01 ppm or better. Calibration and temperature com¬ 
pensation of oscillators are facilitated because both the 
amount and the direction of frequency error are con¬ 
veniently displayed. 

sources of parts 

Digi-Key Corp., POB 677, Thief River Falls, Minnesota 
56701 

Jameco Electronics, 1355 Shoreway Road, Belmont, 
California 94002 

bibliography 

NBS Special Publication 432, U.S. Department of 
Commerce, National Bureau of Standards, Washing¬ 
ton, DC 20234 
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TECHNIQUES : ^ 


the “radio ground" on 
160 meters 

My good friend Stew Perry, W1BB, 

is an avid 160-meter operator. He once 
told me that a fine "top-band" com¬ 
promise antenna for hams with little 
space was an extended Marconi work¬ 
ing against a good ground system. 
Taking his advice, I put up a 165-foot, 
series-tuned long wire (resonant at 
1500 kHz) working against ground 
(fig. 1). 

The ground consisted of the cold 
water copper pipes in the house, plus 
two ground rods — one at each end 
of the house — and a single quarter- 
wave rad al wire running through the 
bushes about 2 feet above the ground. 

This antenna worked quite well. 
However, when I went on 160 the ceil¬ 
ing light in the family room lit up! Ob¬ 
viously, the rf was getting into the 
house wiring somehow. 

Using an MFJ-206 Antenna Current 
Probe, tuned to 160 meters, I started 
"sniffing" the house wiring for rf 
energy. Aha! I could put the transmit¬ 
ter on low power, lock the key, walk 
through the house with the probe, and 
actually trace the electric wires hidden 
in the walls. The house's whole elec¬ 
trical system was "hot" with rf. 

My first thought was that the wir¬ 
ing was picking up induced rf energy 
merely by being in the near field of the 
antenna. But the amount of rf meas¬ 
ured seemed too high, considering the 
physical separation of the Marconi an¬ 
tenna from the house. If this was not 
the path, what was? 


The probe indicated that the power 
cable to the transceiver was full of rf 


INSULATOR (TYRl 



fig. 1. The series-tuned Marconi for 160 
meters depends on a good radio ground 
to function properly. Do not let the pow¬ 
er distribution ground get mixed up with 
the radio ground. 



fig 2. RF ground currents reach earth via 
the equipment power line as well as by 
the radio ground (arrows). RF and radio 
grounds should be decoupled by placing 
an rf choke in the power line. 


energy. Most confusing. The rig actu¬ 
ally had two grounds on it, didn't it? 
They were the radio ground system I 
installed, plus the neutral and ground 
conductors of the power line (fig. 2). 
A little thought revealed the problem. 

separating the radio and 
electrical grounds 

Figure 2 shows that two ground 
points exist: the intentional radio 
ground at the equipment, and the elec¬ 
trical ground at the power distribution 
transformer. The latter serves as a 
radio ground, as rf ground currents in 
the antenna circuit return via both 
paths. The unwanted path through the 
power cable is closely coupled to the 
other power conductors and feeds rf 
energy into them. And, if the power 
wiring has appreciable impedance at 
160 meters, any rf fed into the power 
line can wander into some very unlikely 
places. 

My solution was to wind the line 
cord of the transceiver around a fer¬ 
rite rod (Amidon R-33-050-750), 7-1 /2 
inches long, and 1 /2 inch in diameter. 
This was held in place by two plastic 
cable wraps. The rf antenna current 
immediately increased 30 percent (!) 
after the line choke was installed. En¬ 
couraged by this success, I took an 
8-foot extension cord, wrapped it 
around a second ferrite rod, and 
placed it in series with the first line 
choke. This increased the antenna cur¬ 
rent an additional 5 percent and the 
family room light did not go on when 
I hit the key. 
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I "sniffed" the house wiring with the 
probe again. There was still a little rf 
present, but it was greatly reduced. It 
looked as if the problem was solved. 

problems with a linear 
amplifier 

Now that everything had cooled off, 

I decided to put my 160-meter, home¬ 
made linear amplifier on the air. It uses 
a single 3-500Z and runs about 1-kW 
PEP input. 

As I fired it up, a loud cry came from 
the other end of the house. The family 
room lights magically turned them 
selves on, along with the light in the 
entry hall! 

Since I had used up all my ferrite 
rods, I found a fine industrial rf filter 
for the 240-volt line in the junk box. It 
was a well-known brand built in a nice 
plastic box with heavy conductors on 
each end (fig. 3). Unfortunately, plac¬ 
ing it in the power line to the amplifier 
made no difference in the amount of 
rf in the power line. 

It seemed that the impedance of the 
power line neutral wire was sufficiently 
high at 160 meters to allow the neu¬ 
tral to rise above rf ground at the filter. 
If this guess was correct, the capaci¬ 
tors in the filter served merely to by¬ 
pass the rf around the line chokes. 

Grounding the common point of the 
capacitors to the radio ground at the 
amplifier helped but did not solve the 
problem. Now the amplifier had a radio 
ground point, plus two power line 
ground points: one at the distribution 
transformer and a second at the trans¬ 
mitter radio ground. This complex 
grounding situation left me uneasy, so 
I tossed out the 240-volt line filter and 
wrapped the power cord to the ampli¬ 
fier around two ferrite rods held to¬ 
gether with plastic tape. (I used two 
rods because the amplifier power cable 
was heavy and difficult to wrap around 
a single rod.) 

I was happy to note that the lights 
no longer blinked as I keyed the am¬ 
plifier. All was as it should be. Thus I 
learned that when a Marconi antenna 
is used, the ground system may be 
more complex than it looks. It is im¬ 
portant to decouple the power line 
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fig. 3A. Typical power line filter. If a me¬ 
tal box is usecj, it is grounded to neutral 
wire. 
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fig. 3B. If rf impedance of power line is 
high at the operating frequency, the 
ground return point A is not at ground 
potential and line capacitors act as 
bypasses around the line chokes. 


from the rf ground system, and the 
easiest way to do this is to wrap the 
power cable around a ferrite rod. The 
old-style line filter made up of induc¬ 
tors and capacitors just doesn't do the 
job if the neutral line is used as the filter 
return ground point. 

a two-band dipole antenna 

Much is written about two-band an¬ 
tenna designs using tuned traps in the 
radiating element. A different ap¬ 
proach is shown (fig. 4) in a design by 
Ron May, VK1PM. 

This dipole covers the 80 and 40- 
meter bands. On 40 meters, the center 
section of the antenna acts as a fold¬ 
ed dipole with a feedpoint impedance 
of about 300 ohms. The end sections, 
each a quarter wavelength long, are 
decoupled from the antenna and act 
as linear traps. On 80 meters, the full 
length of the antenna forms a half¬ 
wave element, fed with a T-match to 
the 300-ohm feedpoint. A 300-ohm 
TV-type feedline, with a 6:1 balun at 
the end, is used to match a nominal 


50-ohm feedpoint (Palomar PB-6 ba¬ 
lun). A coax line runs from the balun 
to the station. Overseas Amateurs us¬ 
ing 75-ohm coax can use a 4:1 balun. 

The idea can be applied to any two 
harmonically related bands, such as 
40/20, or 20/10 meters. 

HB9ADQ delta loop for 
7/14/21/28 MHz 

The delta loop shown in fig. 5 can 
operate on four bands. Maximum cur¬ 
rent is in the horizontal wire for best 
low angle radiation. The loop can be 
slung between two trees for ease of in¬ 
stallation. Maximum radiation is at 
right angles to the plane of the loop 
(into and out of the page). 

The loop is fed with a two-wire 
transmission line. The original design 
called for a 600-ohm line, which could 
be made up easily by any old-timer 
who has had experience building a 
Zepp antenna. Modern substitutes are 
the Saxton Products Corp. 1562 insu¬ 
lated open wire line (using a polyethy¬ 
lene web) or the 2500 open-air line. 
The length of the line is adjusted for 
minimum SWR on the coax feedline. 
When the 600-ohm line is used, a 20- 
pF capacitor is connected across the 
feedpoint. 


- 13A ft. 

k-- 67 ft 


\ ANY LENGTH 
j 300n LINE 


6-70-1 

BALUN 

-P_i 

5 on coax 

fig. 4. The 80/40 meter dipole of VK1PM 
is made of 300-ohm twin lead, as is the 
feeder. Jumpers between the two con¬ 
ductors are placed as shown. The end 
wires of the dipole are left open. 


The open wire line can be extended 
to reach the station where it is fed with 
an antenna tuner that provides bal¬ 
anced output in the range of 100 to 600 
ohms. 
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AR2002 

Professional Monitor Receiver 

S455.00 

(California res add $27.30 lari 

Visa and MasterCard accepted 
Prices includes shipping i handling 
COD slightly higher 


22511 Aspan Street. Lake Forest. CA 92630-6321 
Caltl/Alaska (714)581-4900 
Facsimile (714) 768-4410(not a phone) 

TOLL FREE 1-800-523-6366 


communications, inc 


Above and Beyond 

AR2002 

PROFESSIONAL MONITOR RECEIVER 
25- 550 MHz 
800-1300 MHz 


fig 5 Four band loop for 7/14/21/28 
MHz. Balanced feedline and balun pro 
vide match to 50 ohm coax. Adjust 
length of two wire line for lowest SWR 
on coax 


Specifications: 

Receiving mode - Narrow Bant! FM, Wide band FM & AM 

Receiver circuit - Microprocessor controlled PLL 
Frequency synthesized superheterodyne type 
with high-level doubled balanced mixer 

Receiver IF - 750MHz. 45 03MHz, 5 5 MHz (WFM) 
and 455kHz (NFM & AM) 

Sensitivity - NFM - 0 35 uV (12dB SINAD) 
WFM- 1 00 uV(12dB SINAD) 
AM-IOOuV (lOdBS'N) 

Selectivity-NFM -2 7.5kHz Co 6dB 
- 20kHz (a 70dB 
WFM - i 50kHz (a 6dB 
; 250kHz nr 60dB 
AM - i5 OkHzm 6dB 
2 10kHz nr 70dB 
Number ol memory channel - 20 channels 
Scan rate - 5 channels per second 
Search rate - 6 seconds per MHz 
Antenna connector - Standard BNC type. 50-ohm 
Audio outpul power • 1 watt at less than 10% THD 
F'ower requirement -12 to 14Vdc at 300 to 500mA 
Size and weight - 5 4"W x 3.15"H x 7 88‘D. 2 6 lbs 

Options: 

Cradled mobile mounting bracket 
Trunk lx) mobile antenna with 12 It cable 
Oiscone base antenna with 30 tt cable 
RS-232C Interlace unit 

Please: No Dealer Inquiries 


Continuing a 67 year tradition, we bring 
you three new Callbooks for 1988. 

The North American Callbook lists the calls, 
names, and address information for 478,000 
licensed radio amateurs in all countries of 
North America, from Canada to Panama 
including Greenland, Bermuda, and the 
Caribbean islands plus Hawaii and the 
U.S. possessions. 


The loop need not be in the vertical 
plane. It can be laid on the side or at 
a 45 degree angle and still do the job. 


ham radio 


The International Callbook lists 481,000 
licensed radio amateurs in countries outside 
North America. Its coverage includes South 
America, Europe, Africa. Asia, and the 
Pacific area (exclusive of Hawaii and the 
U.S. possessions). 

The 1988 Callbook Supplement Isa new idea 
in Callbook updates, listing the activity in 
both the North American and International 
Callbooks. Published June 1, 1988. this 
Supplement will include thousands of new 
licenses, address changes, and call sign 
changes for the preceding 6 months. 

The 1988 Callbooks will be published 
December 1, 1987. See your dealer or order 
now directly from the publisher. 


SPECIALIZED 

COMMUNICATIONS 

FOR TODAY’S RADIO AMATEUR! 




n North American Callbook 
Incl. shipping within USA $28.00 

incl. shipping to foreign countries 30.00 

n International Callbook 
Incl. shipping within USA $30.00 

incl. shipping to foreign countries 32.00 

□ Callbook Supplement, published June 1st 

Incl. Shipping within USA $13.00 

incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

□ Both N.A. & International Callbooks 

Incl. shipping within USA $55.00 

incl. shipping to foreign countries 60.00 


Since 1967, covering all modes of 
Amateur Radio ‘•specialty’’ 
communications; hast Scan TV. SSTV, 
FAX, Packet Radio, Computers, RTTY, 
AMTOR, Satellites, TVRO, Microwave, 
Lasers and more! 10 issues per year. 
Back issues available. SASE brings 
TRS80C, C64. IBM software catalog. 
U.S. subscribers $20/year. Foreign 
slightly higher. Add $2.00 for Index 
Issue. 

SPEC-COM Communications & 
Publishing Group 
P.O. Box H 
Lowden, Iowa 
52255-0408 


Illinois residents please add 6'v% tax 
All payments must be In U.S. funds. 


callbook inc 

Dopt. F 

925 Sherwood L)r., Box 24 7 
K I jke Bluff. IL 60044, USA 


Tel (312) 234 6600 
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amateur packet radio 

networking and protocols: part 2 


OSI/RM levels and 
the AX.25 packet 
radio protocol 

This is the second article in a three part series on 
networking and protocols in amateur packet radio. 
Last month I introduced the subject of networks and 
protocols with examples of various systems. 

Part 2 gives more detailed information on the initial 
layers of the OSI/RM introduced in Part 1 and their 
relation to amateur packet radio. Also examined is the 
AX.25 packet radio protocol. Portions of this series 
are excerpted from my book. The Packet Radio 
Handbook.* 

OSI/RM and amateur packet radio 

There are three levels of OSI/RM (Open Systems 
Interconnection Reference Model) currently imple¬ 
mented in amateur packet radio in the United States: 
the physical, data link, and rough forms of the net¬ 
work layer. We will discuss the first two. Levels and 
protocols now under development will be covered in 
Part 3. 

physical layer 

The physical layer is well prescribed and the Bell 202 
and 103 are its most widely used modulation stan¬ 
dards. The RS-232C asynchronous serial interface is 
another physical layer standard and more should 
emerge when high speed modems and new modula¬ 
tion schemes are developed. 

Encoding technique is an area of the physical layer 
involved in transmission of data which defines the for¬ 
mat of the modulated signal. In RTTY and Amateur 
packet radio, a bipolar format is used. In bipolar key- 

* Available from the ham radio Bookstore for $14.95 plus $3.50 shipping and 
handling. 


ing, two different levels are used to represent a 1 and 
a 0. This is an improvement over unipolar keying where 
a single tone indicates a 1 and the absence of a tone 
a 0. (See fig. 1.) 

Bipolar keying takes several forms. NRZ (NonReturn 
to Zero) or NRZ-L (NRZ-Level) is used by regular 
Baudot RTTY and AMTOR. In NRZ, a 1 is represent¬ 
ed by a particular level or tone, and a 0 by another. 
See fig. 2. 

NRZ-I (NRZ Inverted) or NRZ-S (NRZ Space) is the 
bipolar method employed by most packet radio sta¬ 
tions and supported by all manufactured TNCs. In 
NRZI, a binary 0 causes a switch (or transition) be¬ 
tween signal levels while a binary 1 remains at the cur¬ 
rent level. The two signal levels can also be referred 
to as “mark" and "space" levels. 

Other forms of bipolar keying encoding techniques 
are: NRZ-M (NRZ-Mark; the opposite of NRZ-S), PPM 
(Pulse Position Modulation), PDM (Pulse Duration 
Modulation), and Manchester I and II. These and other 
encoding techniques are discussed on pages 19-39 of 
the 1986 ARRL Handbook. 

data link layer 

The data link layer in amateur packet radio is also 
well prescribed. The AX.25 protocol is the most com¬ 
mon and is supported by the majority of commercial 
TNCs. The V-1 (VADCG— Vancouver Amateur Digi¬ 
tal Communications Group), and V-2 protocols are 
other data link layer protocols. These differ from AX.25 
in many respects, however, all three protocols are 
based on the HDLC ISO standard. 

HDLC 

High-level Data Link Control (HDLC) is the data link 
layer (level 2) of X.25 and is defined in the following 
ISO standards: ISO 3309, ISO/DIS 4335, ISO/DIS 
6156, and ISO/DIS 6259. HDLC is responsible for 

By Jonathan L. Mayo, KR3T, 1817 Saratoga 
Court, Allentown, Pennsylvania 18104 
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fig. 1. Keying techniques: Unipolar vs. Bipolar. 


fig. 2. Encoding techniques: NRZ vs. NRZI. 


delivering error free data throughout the network. It 
also isolates the upper levels from the physical layer. 
Data is broken up into blocks (frames) for transmis¬ 
sion. The user data (actual data sent through the net¬ 
work by the users) is called data or information. 

HDLC consists of three sublayers: 1) transparency 
of the bit stream, 2) frame format, and 3) coopera¬ 
tion between stations. Before continuing this discus¬ 
sion of HDLC, an explanation of the differences 
between COPs and BOPs is necessary. 

COP stands for Character Oriented Protocol. Two 
examples are ANSI X3.28 and IBM Binary Synchro¬ 
nous Communication. In a COP, the data being sent 
must be represented as characters of specified length 
— usually seven or eight bits (one byte) — so there 
is a limit to the type of information that can be trans¬ 
mitted. All transmission lengths must be a multiple of 
the specified character length. COPs are helpful if just 
text is being transmitted, but less useful in packet radio 
which is designed to send any type of digital data in¬ 
cluding characters of different lengths, graphics, and 
special formats. In packet radio, transmission size must 
also be condensed as much as possible. BOPs (Bit 
Oriented Protocols) come in handy here. 

BOPs permit the transmission of any format of dig¬ 
ital data. A good example of a BOP is HDLC along 
with the amateur packet radio data link layer protocols. 
If control information is only 3 or 4 bits long, BOPs 
will only consume 3 or 4 bits, not a full 7 or 8 as 
COPs do. 

In the first sub-layer of HDLC, transparency of the 
bit stream, all data being transmitted must be pack¬ 
aged the same. HDLC must be independent of the 
data sent and simply delimit (mark the beginning and 
end) frames. No special length bits or signaling ele¬ 
ments can be used and all data should pass through 
the physical layer without alteration or processing. A 
flag — a special binary sequence found only at the be¬ 
ginning and end of a frame — is used to do this. The 
flag used in HDLC is 01111110 and must not appear 
anywhere else in the frame. 

To keep flags out of the user data, the information 
is examined, and a 0 is inserted after every five con¬ 
secutive 1 bits. This is called bit stuffing. The receiv- 
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UNNUMBERED AND SUPERVISORY FRAMES 
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fig. 3. HDLC frames. The numbers in parenthesis indi¬ 
cate the total number of bits in that particular field. The 
information field is usually a multiple of eight bits. 


ing station corrects for this by removing the stuffed 
bit after a sequence of five Is if it is a 0; if the bit is 
a 1, it will not be removed as the sequence of ones 
is part of a flag. 

In the second sub-layer, the frame format, all data 
is segmented and sent in frames delimited by flags. 
The components of the frame between the two flags 
are: addresses, control information, data, and the FCS 
(Frame Check Sequence). Figure 3 shows the HDLC 
frames. Frame components are described below. 

The first frame component following the initial flag 
is the address. In HDLC this includes the address of 
the originating and destination station. The address¬ 
es are usually numerics, but AX.25 uses callsigns in¬ 
stead of numbers and includes digipeaters in this 
section. 

The next section (or field) in the HDLC frame is con¬ 
trol information. Depending on the type of frame, con¬ 
trol information can consist of several things. The three 
types of frames defined under HDLC are: information, 
supervisory, and unnumbered. The control field is 
made up of 8 bits. 

Information frames are used for data transfer (to 
carry user information). Bit 1 of the control field of an 
information frame is a 0, bits 2 through 4 represent 
the transmitting station sequence number (often called 
transmit count), bit 5 is the poll/final bit, and bits 6 
to 8 represent the receiving station sequence number 
(receive count). 

Supervisory frames are used to control data flow. 
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^> AMSAT-NA FIFTH Space Symposium 


This conference was held in conjunc- 
fion wilh the 1987 Amsat Annual Meet¬ 
ing in Southfield, Ml. Nov 6-8. 1987 11 
papers are presented with topics on 
trends in spacecraft technology, and 
space science education. FO-12 mail¬ 
box. QRP EME. Phase lll-C and Phase 
IV developments in orbital determina¬ 
tion and attitude control Over 100 
pages $12 


OTHER CONFERENCES 

Mid-Atlantic VHF Conference. This con¬ 
ference was sponsored by the Mt Airy 
VHF Radio Club. Oct 10-11. 1987. 11 
papers cover everything from mountain 
topping to transceivers for the 3400 and 
5600 MHz bands 120 pages $10 


21st Central Slates VHF Society Con¬ 
ference held in Arlington. Texas. July 23- 
26. 1987 28 papers covering everything 
from use of TVRO dishes for moon- 
bounce to a solid state amplifier for 5.7 
GHz 166 pages $10 

6th ARRL Computer Networking Con¬ 
ference held in Redondo Beach. Califor¬ 
nia. August 29.1987 The latest concepts 
on networking, high speed modems and 
other packet-radio technology are dis¬ 
cussed in 30 papers that were prepared 
for the conference 174 pages S10 

MICROWAVE UPDATE 1987 held in Estes 
Park. Colorado. September 10-13. 1987 
17 papers on equipment, antennas and 
techniques for 902 MHz through 10 GHz 
Much information on construction of 2.3. 
34 and 5 7 GHz gear 136 pages $10 


Please include $2 50 ($3 50 UPS) for shipping and handling 


SPECIAL PURCHASE 
FROM THE PUBLISHER 
ALLOWS US TO 
SLASH THE PRICES 
ON THESE BOOKS 

PROGRAMMING FOR THE TI-59 AND 
HP-41 CALCULATORS 

by Paul Garrison 

To lake lull advantage ot your hand held calculator s 
power you need to learn how to program it Clcai 
easy to understand instructions make programming a 
snap 1 Over hall the hook has practical programming 
applications that will solve some very complex 
problems 198? 294 pages 
T 1442 Was S12 95 SAVE $8 Softbound S4 95 

MICROCOMPUTERS IN AMATEUR RADIO 

by Joe Kasser G3ZCZ 

Computers can be used in a number ol dillerent 
ways in yuur Ham shack They can be used to con¬ 
trol youi ng predict propagation control antennas 
and hundieds ol other applications Kasser explores 
the possibilities in this book Includes interlace I/O 
devices system categories programming the micio 
computer and much more Great reading 1981 
307 pages 

T 1305 Was S15 95 SAVE S4 95 Softbound $4.95 

SOFTWARE FOR AMATEUR RADIO 

by Joe Kasser G3ZCZ 

Packed wiin pi actical computer applu alirms amt 
tested and dc tiugoed diagrams that can he simjly 
adapted to almost arty microcomputer Include-. HAS 
1C programming concepts as well as how In mtei 
lace your computer to youi radio digit,it 
communications and mote 1984 784 pages 
T 1580 Was Sib 9b SAVE St I (In Sotlbound S4 95 
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* VOX opera! ion 
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Wide Dynamic Range and Low 
Distortion - The Key to Superior 
HF Data Communications 


• Dynamic Range > 75 dB 

• 400 to 4000 Hz 

• BW Matched to Baud Rate 


• BER < 1 X 10" 5 for S / N = 0 dB 

• 10 to 1200 Baud 

• Linear Phase Filters 



HF MOOtM 
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ST-8000 HF Modem 


distortion, not sharp-skirted filters with high phase 
distortion. All signal processing is done at the input 
tone frequency; heterodyning is NOT used. This 
avoids distortion due to frequency conversion or 
introduced by abnormally high or low filter Q's. 
Bandwidths of the input, Mark/Space channels, and 
post-detection filters are all computed and set for 
the baud rate you select, from 10 to 1200 baud. Other 
standard features of the ST-8000 include: 


Real HF radio teleprinter signals exhibit heavy 

fading and distortion, requirements that cannot be 
measured by standard constant amplitude BER and 
distortion test procedures. In designing the ST-8000, 
HAL has gone the extra step beyond traditional test 
and design. Our noise floor Is at -65 dBm. not at -30 
dBm as on other units, an extra 35 dB gain margin 
to handle fading. Filters in the ST-8000 are all of 
linear-phase design to give minimum pulse 


FDX or HDX with Echo 
Spectra-Tune and X-Y Display 
Transmitter PTT Relay 
8 or 600 Ohm Audio Oulput 
Code and Speed Conversion 
Signal Amplitude Squelch 
Receive Clock Recovery 
3.5” High Rack Mounting 


Signal Regeneration 
Variable Threshold Diversity 
RS-232 Remote Control I/O 
100-130/200-250 VAC. 44-440 Hz 
AM or FM Signal Processing 
32 steps of M/S filter BW 
Mark or Space-Only Detection 
Digital Multipath Correction 


8 Programmable Memories 
Set frequencies in 1 Hz steps 
Adjustable Print Squelch 
Phase-continuous TX Tones 
Split or Transceive TX/RX 
CRTTuning Indicator 
RS-232C, MIL-188C. or TTL Data 
8.600, or 10K Audio Input 


Write or call for complete ST-8000 specifications 



HAL Communications Corp. 

Government Products Division 
Post Office Box 365 
Urbana, Illinois 61801 
(217) 367-7373 TWX 910-245-0784 


Reader Service CHECK OFF Page 98 
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Bit 1 of a supervisory frame's control field is a 1, bit 
2 is a 0, and bits 3 and 4 represent the supervisory 
frame type indicator. Bit 5 is the poll/final bit, and bits 
6 to 8 show the receive count. 

Unnumbered frames control the link. Bits 1 and 2 
of the control field of an unnumbered frame consist 
of ones, bits 3 and 4 are modifier bits, bit 5 is the 
poll/final bit, and bits 6 to 8 are modifier bits. 

Each station involved in a link maintains counters 
for the number of information frames sent and re¬ 
ceived. These counters are the "sequence number" 
or "count". They are sent in the control field of each 
information frame, and used to check the sequence 
of received frames and acknowledge their reception. 

The HDLC frame component next to the final flag 
is the FCS. The FCS is a cyclic redundancy check 
(CRC) performed on a frame — an error detection 
scheme in which a check character is generated by 
dividing the entire numeric binary value of a block of 
data by a generator polynomial. The FCS value is sent 
along with the data, and at the destination station, is 
recomputed from the received data. If the received 
FCS matches the one generated from the received 
data, the data is considered error free. 

Computation of the FCS starts with the first bit after 
the opening flag and ends with the last bit preceed- 
ing the FCS. For details on FCS methods, see ISO 
standard 3309. 

Cooperation between stations, the last sub-layer, 
is handled by special frames recognized by HDLC as 
commands and responses. Three tasks of command 
and response frames are to establish connections, ac¬ 
knowledge receipt of frames, and handle disconnects. 
Specifics of the different commands and responses 
used by HDLC to manage the link layer in Amateur 
packet radio are discussed under the appropriate pro¬ 
tocols. 

AX.25 

AX.25 has become the standard level 2 protocol in 
Amateur packet radio. It is very similar to the level 2 
protocol of the X.25 standard; thus the name 'AX.25' 
('A' is for Amateur). The original version of AX.25 has 
been around for a while and minor incompatibilities 
existed between various implementations until the 
ARRL Ad Hoc Committee on Amateur Digital Com¬ 
munications finished a revised version of the AX.25 
standard in 1984. 

The ARRL version of AX.25 is called AX.25 Version 
2 and the earlier AX.25 protocol is now AX.25 Ver¬ 
sion 1. The more popular AX.25 Version 1 protocol 
was developed by Tucson Amateur Packet Radio 
(TAPR). There are both similarities and incompatibili¬ 
ties between these versions of AX.25. 

AX.25 follows the same frame format as HDLC. The 
main differences are that 1) the address field has been 



extended to permit amateur radio callsigns as address¬ 
es and 2) unnumbered information frames may be 
transmitted. 

A description of the various components of an 
AX.25 frame (see fig. 4) follows. 

The flag is identical in function and design to that 
used in HDLC. 

The address field is made up of a minimum of one 
amateur radio callsign belonging to the sending sta¬ 
tion in a unnumbered information frame (the destina¬ 
tion is set to a dummy address). In most cases, the 
destination station's callsign is included. Up to eight 
digipeater callsigns may also be added. There is a max¬ 
imum number of ten callsign addresses in the AX.25 
address field. 

Each callsign requires seven groups of eight bits 
(eight bits = one byte = one character or an 'octet'). 
Callsigns consist of uppercase ASCII characters and 
numbers. The first six characters are allotted for the 
actual callsign; if the callsign is less than six charac¬ 
ters in length, spaces are added to the end. The sev¬ 
enth character is the SSlD (Sub-Station IDentifier or 
Secondary Station I Dentifier) and ranges from 0 to 15. 
Only four bits of the eight available for the SSID are 
used. The first and last bits are set to 0 and the re¬ 
maining two are reserved for future use. 

The SSID of a digipeater carries additional informa¬ 
tion. To avoid a digipeater repeating a frame twice, 
the last bit of the SSID is set to 1 once the frame has 
been digipeated by that station. 

The control field is made up of one eight bit group 
(an octet) and is used to identify the type of frame: 
information, unnumbered, unnumbered information, 
and supervisory. It also contains the frame count num¬ 
bers used for acknowledgements and special signals 
for establishing and maintaining connections (com¬ 
mands and responses). 

A Protocol IDentifier Field (PID) is included with in¬ 
formation frames. It identifies what kind of network 
layer protocol, if any, is being used. 
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The information field contains the user data being 
transmitted and is most often divided into a multiple 
of octets; the maximum is 256. 

The FCS is the same as that used in HDLC. 

Each transmission is usually preceded by a series 
of sixteen alternating bits giving the receiving station 
time to synchronize to the signal. 

AX.25 is actually a subset of the HDLC standard as 
it does not implement the full range of features de¬ 
fined in HDLC. It is based on the LAPB (Link Access 
Procedure Balanced) subset of HDLC. 

In a "normal" HDLC network, there are frequently 
several slave stations (user terminals) linked to a cen¬ 
tral controller or host system (also called a primary or 
master station). The master station is usually more "in¬ 
telligent" than the slave stations and better able to 
manage the link. This configuration, with one intelli¬ 
gent master station linked to a less intelligent slave sta¬ 
tion, is unbalanced because the stations possess 
unequal capabilities. 

In amateur packet radio, the goal is for each sta¬ 
tion to have equal capability in a balanced configura¬ 
tion eliminating the need for a master or host station. 
This type of station arrangement is supported by LABP 
under HDLC. 

A discussion of the frames used by AX.25 to estab¬ 
lish connections, acknowledge frames, and disconnect 
follows. 

Unnumbered frame control fields are either com¬ 
mands or responses. Unnumbered frames handle all 
communications between stations when no connec¬ 
tion has been established. There are six different un¬ 
numbered frames defined in AX.25. 

SABM (Set Asynchronous Balanced Mode) is a 
command which sends a connect request to another 
station. The control field in this frame contains a spe¬ 
cial sequence of bits identifying it as a SABM frame. 
The SABM command places two stations in asyn¬ 
chronous balanced mode (meaning they are con¬ 
nected). 

DISC, the next unnumbered frame and another 
command, is used to send a Disconnect request ter¬ 
minating a connection with another station. 

DM (Disconnect Mode), is a response sent when¬ 
ever a station receives any frame other than a SABM 
while disconnected. It can also be sent in response 
to a SABM frame to indicate the station is not 
available. 

The UA (Unnumbered Acknowledge) response is 
sent as an acknowledgment for unnumbered frame 
commands. A received command is not executed until 
a UA frame has been sent. 

FRMR (FRaMe Reject) is also a response. It is sent 
when a station receives a frame that cannot be proc¬ 
essed. This response is usually sent when a frame 
clears the FCS check but is not recognized by the sta¬ 


tion's protocol. Two situations when this might occur 
are the reception of a command or response not de¬ 
fined in the protocol, or an information frame whose 
information field exceeds the maximum allowable 
length. 

Ul (Unnumbered Information) is an addition to the 
X.25 protocol included in AX.25. The Ul frame lets an 
information field be transmitted without first establish¬ 
ing a connection. These frames are not acknowledged. 

Once a connection is established using the above 
commands and responses, AX.25's function is to 
transfer error free data between the two stations. It 
does this by using one of three of supervisory frames. 

The RR (Receive Ready) response indicates that the 
sending station is able to receive information frames, 
acknowledge the reception of information frames, and 
clear an RNR response previously set by the station. 
The RR frame acknowledges the reception of infor¬ 
mation frames by including the receiver count indicat¬ 
ing which frames have been correctly received. The 
other station can examine the count and update the 
next packet to be sent according to what frames can 
now be "forgotten". 

To indicate that the sending station is temporarily 
busy and unable to accept more information frames, 
a RNR (Receive Not Ready) response is sent. This 
might occur when the receive station's buffer is full 
and it sends an RNR to the other station telling it to 
hold further information frames until the buffer can 
receive them. The RNR condition can be cleared by 
sending a UA, RR, REJ, or SABM frame. 

The REJ (REJect) response requests the retrans¬ 
mission of information frames received out of se¬ 
quence. The frame(s) to be retransmitted are indicated 
by the receive count in the frame's control field. The 
REJ condition is cleared when the frames are proper¬ 
ly received. 

AX.25 follows certain steps when connecting and 
disconnecting from another station. 

When a user types a "C KR3T" at the command 
prompt and presses the RETURN key, the TNC pre¬ 
pares a SABM frame containing the user's call and 
KR3T in the address field. The TNC then checks to 
see if the channel is available (CSMA) and transmits 
the SABM frame if it is. 

KR3T receives the frame and finds its call in the des¬ 
tination address. If connect-ok (CONOK) is on and the 
TNC is free to establish a connection, KR3T sends a 
UA frame to the originating station and is connected. 
If CONOK is off, KR3T sends a DM frame to the orig¬ 
inating station. 

Assuming KR3T is available and the originating sta¬ 
tion has received the UA frame from KR3T, it too be¬ 
comes connected and information frames are used to 
transfer data between them. Both stations keep re¬ 
ceive and transmit counters current. 
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The best in satellite program¬ 
ming! Featuring: ★ Over 120 
Channels listed ★ Weekly, 
Updated Listings ★ Magazine 
Format ★ Complete Alpha¬ 
betical Movie Listings 
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Time Grids ★ Specials 
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• Only $45.00 per year (52 weekly issues) 
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• $1.00 for sample copy 

'NC Residents must add 5% Sales Tax 

Subscribe Today! 
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Visa' and MasterCard' accepted 
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The new STV Guide con¬ 
tains valuable information on 
zoning regulations, scram¬ 
bling, plus.technical tips for 
installing or updating a satel¬ 
lite system—and now a pre¬ 
cise monthly guide to satel¬ 
lite TV with the latest pro¬ 
gram listings for over 90 
channels! 

All this in each complete issue of STV Guide 1 

• Only $48.00 per year (12 monthly issues) 

• $2.00 for a sample copy 

‘NC Residents must add 5% sales tax 

Subscribe Today! 



Call toll free 1-800-234-0021 

Visa • and MasterCard “ accepted 


STV Guide P0 Box 2384 Shelby, NC 28151-2384 





The RR frame is used to acknowledge the receipt 
of information frames. If a frame is received out of se¬ 
quence by one of the stations, it sends a REJ to the 
other and the frame is retransmitted. 

When one of the stations wants to end the connec¬ 
tion, he returns to command mode and enters "D" 
at the prompt. His TNC then sends a DISC frame to 
the other station which, in turn, sends him a UA frame 
acknowledging the disconnect request and breaking 
the connection. When the first station receives the UA 
frame, it also disconnects. 

A few points in the previous section on the AX.25 
link layer protocol may not seem to fit the description 
of the data link layer given in Part 1 of this series. 
These discrepancies include the addition of digipeat- 
ers and the use of end to end acknowledgements. 

Digipeaters seem to fall under the control f the net 
work layer protocol, not the data link layer, and in 
many respects this is true. However digipeaters are 
not, by any means, full fledged level 3 network nodes 
but rather a simple arrangement added to allow for 
rudimentary networking. The user must select the 
digipeaters used; the TNC does not contain automat 
ic routing tables or other means of independently 
selecting digipeater routes. Digipeaters will most like¬ 
ly disappear as more advanced network nodes and 
level 3 protocols emerge. 

In the OSI/RM the end to end acknowledgements 
would seem to be the responsibility of the transport 
layer (level 4). This layer is responsible for the proper 
reception of frames from station to station through the 
network. In AX.25 there is no network layer protocol 
implemented yet, so point to point acknowledgements 
of the data link layer are simply extended over the 
digipeater path. If the digipeaters are eliminated from 
the path, the acknowledgment returns to a point to 
point acknowledgment as used by the data link layer. 
Once network nodes are implemented, they will use 
point to point acknowledgments between nodes and 
a transport layer acknowledgment between the two 
end stations. 

summary 

This article detailed the first two levels of the 
OSI RM as they relate to Amateur packet radio. Also 
included were a discussion of HDLC (upon which most 
current Amateur packet radio level 2 protocols are 
based), and an examination of the AX.25 data link pro¬ 
tocol. Part 3, the final article in this series will cover 
other level 2 packet radio protocols and discuss the 
remaining layers of the OSI RM 

If you have any questions or comments, you can 
write to me at the address listed or leave a message 
on CompuServe; my User ID is 72276,2276. 

ham radio 
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PRACTICALLY SPEAKING 


parametric amplifiers 

Parametric amplifiers can operate 
with very low noise in the UHF and 
microwave regions of the electromag¬ 
netic spectrum. Noise temperatures 
from 100 to 270 degrees Kelvin (1.4 to 
2 dB noise figure) were reported in un¬ 
cooled parametric amplifiers as early as 
1970, and more recent devices offer 
even better performance. 1 As a result, 
parametric amplifiers are sometimes 
used as low noise amplifiers (LNA) in 
the input stages of VHF/UHF and 
microwave communications receivers. 

The name parametric amplifier was 
chosen because amplification occurs 
through the excitation of a circuit 
parameter. This is actually a misnomer 
because it is the reactance parameters 
(X c and XJ that are excited. A better 
name might be reactance amplifier. 2 
The parametric amplifier is fundamen¬ 
tally different from other LNAs be¬ 
cause it uses a passive device for 
amplification. In this type of amplifier 
circuit a reactance is used as the am¬ 
plifying element. A perfect reactor 
stores and discharges energy, but does 
not dissipate power. Capacitive reac¬ 
tors store energy in an electrostatic 
field, while inductive reactors store 
energy in a magnetic field. Parametric 
amplifiers store energy from an rf 
"pump" signal in the reactance, and 
then switch it to the load under the in¬ 
fluence of the input signal. Addition of 
stored energy to the signal at the out¬ 
put of the amplifier causes power am¬ 
plification. 3 

The parametric amplifier has low 
noise because reactances dissipate no 


power and ideally produce no Johnson 
(thermal agitation) noise. In practical 
circuits, resistive losses do occur and 
Johnson noise is present. By varying 
the reactance at a rapid rate, energy 
is stored and discharged by the reac¬ 
tance and is used to amplify the sig¬ 
nal. Although either capacitors or 
inductors can be used in parametric 
amplifiers, the capacitive reactance is 
used in practical circuits because suit¬ 
able voltage variable capacitance 
diodes ("varactors") are available. 
However, other processes inside a 
diode generate noise and while para¬ 
metric amplifiers exhibit low noise fac¬ 
tors, the level is not zero. 

The capacitance of a varactor is a 
function of the reverse-bias potential 
applied across the PN junction of the 
diode. A typical varactor useful in 
parametric amplifiers has a breakdown 
voltage of -4 to -12 volts, and a 
zero-bias junction capacitance of 0.2 
to 5 picofarads. The cutoff frequency 
should be 20 GHz or higher. General¬ 
ly, noise figure improves with higher 
diode cutoff frequencies. 4 

Parametric amplifiers can be oper¬ 
ated in either of three modes: degener¬ 
ative, nondegenerative, and regener¬ 
ative. We will consider these modes, 
and provide a tool for evaluating para¬ 
metric amplifier circuits. 

degenerative parametric 
amplifiers 

Figure 1A shows a basic paramet¬ 
ric amplifier. A varactor diode switches 
the signal on and off to the load as an 
external pump signal is applied. Al¬ 
though shown as a series connected 


switch, both series and parallel con¬ 
nected diodes can be used. The sig¬ 
nal and pump waveform (see fig. IB) 
are phased so that the diode capaci¬ 
tance is fully charged when the pump 
signal peak occurs. Because the 
charge is constant, the voltage in¬ 
creases by the relationship V = Q/C 
in step with a pump voltage reduction 
of diode capacitance. 

Parametric amplification occurs 
when the peak of the pump signal 
coincides with the positive and nega¬ 
tive peaks of the signal waveform. As 
the pump voltage peaks the diode 
capacitance decreases to a minimum, 
and the capacitor's charge is dumped 
to the load. Phasing must be precise 
to achieve degenerative parametric 
amplification. This occurs when the 
pump frequency is twice the signal fre¬ 
quency. However, this precise phas¬ 
ing requirement means that drift in 
either signal can reduce the gain or 
prevent the circuit from operating. 
Using nondegenerative or regenerative 
parametric amplifier circuits is a broad¬ 
er bandwidth approach. 

nondegenerative and 
regenerative parametric 
amplifiers 

In a nondegenerative parametric 
amplifier a third frequency, known as 
an idler, fj, is used in addition to the 
signal and pump frequencies, f s and 
fp. In fig. 2 a third resonant tank cir¬ 
cuit (L 3 C 3 ) tuned to fj is indicated. The 
idler is the output frequency of the cir¬ 
cuit which also operates as a frequen¬ 
cy translator or converter. 

There are two general cases of non- 
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Handheld DX 
with the 
DX Handy “ 


The idea of handheld DX seems far¬ 
fetched, but it's actually very simple. The 
DX Handy is a battery powered (six penlight 
AA drycells included) SSB CW transceiver 
with two watts output. DX Handy can also use 
nicad rechargeable batteries, or be powered 
with 9 VDC. 

Two variable crystal oscillators (VXOs), 
each with 50 KHz range, can be selected 
with a top panel switch. Crystals for 28.250 
to 28.300 and 28.300 to 28.350 Mhz are 
included, and other crystal ranges for the 
10 meter band are also available at a 
nominal cost. 

CW operation can be by either the built-in 
push button or with an external key or keyer. 
External speaker and microphone jacks are 
also provided, and the telescoping antenna 
is included. The DX Handy also has a top 
panel S-meter/ output power meter and an 
effective noise blanker circuit. DX Handy is 
housed in an attractive gray metal case com¬ 
paring in size to popular VHF FM handhelds. 

Ten meters is coming back strong. With DX 
Handy all amateurs, novice to extra class, 
can enjoy the thrill of working handheld DX. 

AEA 

Advanced Electronic Applications 

P.O. Box C2160 
Lynnwood, WA 98036-0918 
(206) 775-7373 


Specifications 

General 

• Frequency Coverage Any two 50 KHz segments in the 
28.0-29.0 MHz Amateur Band (28.25-28 30 and 28.30-28.35 
MHz supplied) 

• Frequency Control VXO provides 50 KHz ol continuous tuning 
with a single crystal 

• Frequency Stability Within • 500 Hz Irom a cold start 

• Antenna 50 Ohms Unbalanced. BNC connector 

• Power Requirement 8.4-9 0 VDC 

(Included) 6-AA Dry Cells (1.5 volt cell) 9.0 VDC 
(Optional) 7-AANiCads (1.2 Volt cell) 8 4 VDC 

• Current Drain: Fteceivmg • Approx. 70 mA 

Transmitting • Approx 620 mA 

• Dimensions: (W) 66mm ■ (H) 39mm » (D) 142mm 

• Weight 710 Grams (1 lb 9 oz ) with batteries and 
antenna 



Transmitter 

• Outpul Power: 2 Watts at 9 0 VDC 

• Emission modes A3J (USB) and A 1 (CW) 

• Spunous Emissions: More than 40 dB down 

Receiver 

• Sensitivity: less than 0.5 uV lor 15 dB S N 

• Intermediate Frequency 11 2735 MHz 

Controls and Indicators 

• On Off Volume control Top 
mounted Potentiometer 

• Fteceiver Incremental Tuning 
(RIT): Top mounted 
Potentiometer with center 
ott detent position 

• Frequency: Top mounted 50 
KHz VXO 

• Frequency Range: Top mounted 
2-position switch 

• Noise Blanker: Top mounted 
On Oil switch 

• S RF meter Top mounted S RF 
meter 

• Built in CW key: Top mounted 
momentary switch 

• External Speaker output Top 
mounted W phone jack 

• Exiema! Microphone input: Top 
mounted '/«" phone |ack 

• Antenna Connector Top 
mounted Female BNC 

• Transmit Indicator Top mounted 
Transmit LED 

• Push-To-Talk Side mounted 
momentary switch 

• External Power Bottom 
mounted 2.1 mm coaxial 

• External key input: Bottom 
mounted %" phone |ack 

• Mode Selector Switch Bottom 
mounted 2-position switch 

• Charge External Power Bottom 
mounted 2-position switch 
selecting 12 VDC external power 
function 


aea Retail $ 379.95 Amateur Net $319.95 


Specifications and prices subject to change without notice or obligation 
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degenerative parametric amplifiers: up- 
converters and downconverters. In the 
upconverter the idler frequency is the 
sum of the pump and signal fre¬ 
quencies: 

fi = fs + fp 

In the downconverter, the idler fre¬ 
quency is the difference between 
pump and signal frequencies: 

fi = fs “ fp 

Power gain is defined as the ratio of 
the output to input power. In the case 
of a lossless circuit the gain of the up¬ 
converter (f-, greater than f s ) is: 

G - fj/f s 

The downconverter actually shows 
a loss (attenuation), rather than a pow¬ 
er gain. 

The third category of parametric 
amplifiers is the regenerative circuit, 
and is actually a special case of the 
nondegenerative amplifier. In the re¬ 
generative amplifier the pump frequen¬ 
cy is the sum of the signal and idler 
frequencies. The power transfer direc¬ 
tion is reversed, implying a negative 
resistance characteristic and the result¬ 
ing circuit is regenerative. If prevent¬ 
ed from oscillating, low noise and very 
high gain are achieved. 

noise in parametric 
amplifiers 

The low noise capability of the para¬ 
metric amplifier results from the use of 
a reactance instead of a resistance for 
the amplifier element. In an ideal para¬ 
metric amplifier the noise figure is zero. 



fig. IB. RF and pump signal waveform 
timing. 



There are two noise contributions in 
practical circuits — circuit losses and 
frequency conversion noise. These 
sdurces combine to create a non-zero 
noise factor of the order: 

F = + — (4) 

1 noise ^ ~ j- 


Where: 

F no ise' s the noise factor 

R a is the antenna impedance resistive 

component 

R| is the sum of circuit resistance 
losses 

fj is the idler frequency 
f s is the signal frequency 

As a rule of thumb, a pump frequen¬ 
cy seven to ten times the signal fre¬ 
quency for lowest noise operation is 
chosen. 

microwave configurations 
for parametric amplifiers 

The circuit examples given show the 


use of discrete inductor-capacitor (LC) 
resonant tank circuits. These circuits 
work well up into the UHF and lower 
microwave region. At higher micro- 
wave frequencies, the LC tank circuit 
is impractical. At these frequencies 
parametric amplifiers use resonant 
cavities (fig. 3) in place of resonant 
tank circuits. Use a tuning disk to ad¬ 
just the cavities to resonance. 


Manley-Rowe relationships 

In 1957 Manley and Rowe developed 
a way to evaluate parametric amplifi¬ 
er circuits.* Consider the equivalent 
circuit in fig. 4. We have a variable 
capacitance as the element and two 
signal sources: the signal frequency 
(f s ) and the pump frequency (f p ), both 
shown as generators. Filters in series 
with both generators pass the gener¬ 
ator frequency and reject all others. 
There is also a series of loads, each iso¬ 
lated from the others by the same kind 
of ideal narrowband filter. The fre¬ 
quencies of these filters are: (f p -t- f s ), 
(fp - f s >. U P t° ( m fp — nf s > (where m 
and n are integers). The Manley-Rowe 
relationships are: 


/• I 


m P„ 


"i/n + nf s 


0 (5) 


n : 


m,n 

Y 

m.n 


n P„ 


inf,, + nfs 


- = 0 


( 6 ) 


In working with Manley-Rowe equa¬ 
tions, the following algebraic sign con¬ 
ventions regarding power are used: 

• + P is assigned to power flowing 
either into the capacitor, or from the 
pump and input signal "generators," 
and 

• - P is assigned to power flowing out 
of the capacitor or into a load re¬ 
sistance. 

The parametric amplifier's stability is 
determined by the sign of the power 
flowing with respect to the capacitor. 
If the power from the signal flows into 
the capacitor, the stage is stable. Be¬ 
cause we deal with integers from 0 


'See Liao and Coleman for discussions of Manley- 
Rowe relationships. The Liao book derives the equa¬ 
tions, while Coleman works out several examples. 
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through the ith, we can check not only 
the fundamental frequencies (m and n 
= 1), but also their respective harmon¬ 
ics (m,n > 1). Some of these combi¬ 
nations are stable; others are not. 
There are several cases where the 
Manley-Rowe equations apply. Let's 
consider only one to see how such 
problems are solved. 


Pii is negative because Pio is positive 
by definition (it is the pump signal). 
We also know that (f p + f s ) is always 
positive, so the negative sign is as¬ 
sociated with P n . 

For the second case (Manley-Rowe 


Pqi = -P/i 

f fp + fs 


( 8 ) 


example 

Consider a parametric amplifier in 
which an output frequency (f) is the 
sum of the pump signal (f p ) and the 
input signal (f) frequencies: f = f p + 
f s . Solve the Manley-Rowe equations 
to determine network stability. 

solutions 

First construct a table showing the 
signals and permissable values of m 
and n (we will consider only the fun¬ 
damentals). 



fig. 3. Microwave parametric amplifier. 


Since Pn was defined as negative, 
by the same reasoning Pgi is positive. 
Because Poi is positive, signal power 
flows into the reactance, and the cir¬ 
cuit is stable. (A negative power term 
for the signal would denote instability.) 

Either inductors or capacitors can be 
used as reactive elements in a para¬ 
metric amplifier. In 1957 Suhl 5 and 
Weiss 6 proposed the use of ferromag¬ 
netic inductors in microwave amplifi¬ 
ers. Practical considerations favor the 
voltage variable capacitance diode 
("varicap") as the reactance in para¬ 
metric amplifiers. These devices work 
to frequencies above 20 GFIz, and be¬ 
cause they are voltage variable capac¬ 
itors, make actual circuit implemen¬ 
tation relatively easy. Varicaps operate 
in the reverse-bias zone of the I ver¬ 
sus V curve, and tend to have low 
avalanche potentials. This ease of cir¬ 
cuit implementation is gained at the 


SIGNAL 

m 

n 

mfp + nf s = ? 

Pm., 

Input 

Signal 

i 

0 


Pro 

Pump 

0 

1 

f P 

Poi 

Idler 

1 

1 

f p + f s 

Pu 


The first case (Manley-Rowe I) can 
be rewritten in the form: 

P/o _ - Pu 

Jp fp + fs 


(7) 



Solve the Manley-Rowe equations for 
this case: 

. T— m P/ll.fl 

^ mf p + nfs 
m,n 


II. 


I 


n Pni,n 
mfp + nfs 


m,n 


(D (Pin) (0) (Poi) 

(I) (f P ) + (0) (fs) + (0) (f P ) + (I) (fs) 

(I) (Pn) . 

(D (fp) + (!) (fs) 


(0) (P, 0 ) ! (1) (Poi) 

(I) (fp) + (0) (f s ) (0) (f p ) + (1) (fs) 

0) (Pn) = 

(1) (fp) + (1) (f s ) 


10 


fp 


+ 0 + 


Pn 

fp + fs 


= 0 



Pn 

Jp + fs 


= 0 


P/o p n 

fp fp + fs 


= 0 


P()i 

fs 


Pn 

Jp + fs 


= 0 
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expense of Johnson and other diode 
noise terms. 

inductor-based 
superconductive 
parametric amplifiers 

New superconductivity technology 
based on metallic ceramic materials 
has been reported. Researchers have 
achieved superconductivity states at 
relatively high temperatures (about 95 
degrees K, with some promise of 225 
degrees K). 7 The use of inductive reac¬ 
tances in parametric amplifiers is under 
reconsideration based on recent re 
search. Several points are worth 
noting: 

• Lower loss resonant circuits for sig¬ 
nal, pump, and idler frequencies in 
conventional varicap-based parametric 
amplifiers (and perhaps lower achiev¬ 
able noise figures). 

• Improved switchable inductors that 
operate at microwave frequencies, and 
make possible inductor based para 
metric amplifiers. 

• New forms of switchable energy 


storage devices that could replace 
present reactances in parametric am¬ 
plifiers. Although one tends to think in 
traditional terms about inductive and 
capacitive reactances, perhaps a new 
type of reactance is possible. The 
strange behavior of superconductors 
with respect to magnetic fields may 
prove promising. 8 

A phenomenon noted as early as 
1947 may be of interest in the latter 
case. Kinetic inductance produces 
inductance-like effects caused by the 
mass inertia of charge carriers in the 
material. In non-superconducting ma¬ 
terials, ordinary magnetic inductance 
swamps the effects of kinetic induc¬ 
tance. In superconducting materials, 
however, magnetic inductance col¬ 
lapses leaving the kinetic variety. 9 

The conventional (varicap-based) 
parametric amplifiers are limited by 
their small dynamic range, due to the 
characteristics of the varicap diode 
used for the reactance. It may turn out 
that inductor-based devices will exhibit 
improved dynamic range. 


One reason parametric amplifiers do 
not use superconductive technology is 
because the equipment needed to 
achieve the required near Absolute 
Zero temperature is expensive and 
large. This situation may change as 
progress is made in high temperature 
superconductivity. 
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microwave 
components and 
terminology: part 1 

From time to time I've featured 
microwave topics in this column. Most 
dealt with the present state of the art 
(SOA) but some gave a glimpse at 
older microwave components or termi¬ 
nologies. 

The SOA changes so rapidly that 
many of the components once neces¬ 
sary for microwave systems have be¬ 
come extinct, been replaced, or moved 
upward in frequency. In light of this, 

I thought it would be a good time to 
discuss the basic microwave compo¬ 
nents of the past and present. This will 
make future developments easier to 
understand. 

The subject of microwave compo¬ 
nents is extensive. Entire books have 
been written on single components 
such as waveguides. In this month's 
column, I will concentrate on micro- 
wave transmission lines and related 
components and build upon this infor¬ 
mation next month, in addition to 
describing some other common micro- 
wave features. 

microwave transmission 
lines 

A transmission line is a system of 
material boundaries forming a contin¬ 
uous path from one location to 
another. In radio communications 
from low frequencies through UHF this 
usually refers to a balanced line, coax¬ 


ial cable, stripline, or microstrip trans¬ 
mission line. From UHF up through the 
microwave and millimeter wavelengths 
a waveguide or G-line is often used. 

Transmission lines have many differ¬ 
ent properties. The most important for 
Amateurs are the impedance, insertion 
loss, power handling capacity, and ve¬ 
locity of propagation. These terms are 
described in detail in reference 1. 

Balanced lines, often referred to as 
open wire, twin lead, or ladder lines, 
were the first type of transmision lines. 
They became popular when commer¬ 
cial television was introduced but have 
largely been replaced by coaxial cable. 

coaxial transmission lines 

Coaxial cable was invented in 1921 
by Lloyd Espenschied and Herman A. 
Affel at the ATEtT Engineering Labs in 
New York City. Nowadays it is by far 
the most common transmission line 
because it is easy to use, low cost, and 
operates over a wide frequency range. 
But, as frequency increases, so does 
the insertion loss. In general, the larger 
the diameter and the lower the dielec¬ 
tric loss (air is the lowest), the lower 
the insertion loss. Reference 1 gives in¬ 
formation on typical insertion loss ver¬ 
sus frequency. 

Coaxial transmission lines normally 
consist of two conductors, often de¬ 
scribed as operating in the TEM (trans¬ 
verse electromagnetic mode or field 
pattern). This means that both the 
electric and magnetic fields are trans¬ 
verse or perpendicular to the axis of 
the line as shown in fig. 1 A. 


When spacing between the two ele¬ 
ments in a coaxial transmission line 
exceeds one-half the operating wave¬ 
length or the circumference of the in¬ 
side of the outer conductor exceeds 
one wavelength, energy can propagate 
down the transmission line in other 
than the desired mode. This is usually 
referred to as a higher order mode. The 
following formula quickly determines 
the maximum usable frequency below 
which higher order modes will not 
occur: 

f - _ IA _ ID 

v t r (D + d) 


Where f co is in GHz, e r is the dielec¬ 
tric constant (air = 1.0), D is the in¬ 
side diameter of the outer conductor, 
and d is the outside diameter of the in¬ 
ner conductor — both in inches. For 
example, a 50-ohm Teflon™ coax line, 
e r = 2.1, with D of 0.120 inches and 
d of 0.036 inches would be usable to 
at least 13.1 GHz. 

In the last two decades, there has 
been much research and development 
in the field of coaxial transmission 
lines. Improved coaxial cables are 
smaller, more precise in impedance 
characteristics, and have lower loss. 
There are now commercial coax trans¬ 
mission lines that operate beyond 
20 GHz. 

Two of the most common micro- 
wave coax types used by Amateurs are 
the semi-rigid 0.141 and 0.085 inch 
outside diameter Teflon dielectric 
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50-ohm coax that manufacturers claim 
can operate to 30 and 55 GHz, respec¬ 
tively. Attenuation at 20 GHz is typi¬ 
cally 60 and 100 dB per 100 feet for the 
two cables, respectively. 

microwave strip 
transmission lines 

The concept of strip-type transmis¬ 
sion lines was discovered during World 
War II, and in the mid-1950s the first 
practical designs were introduced as 
"Tri-Plate". 2 These first strip transmis¬ 
sion lines were a balanced structure 
with a "sandwich" construction and 
operated in the TEM mode similar to 
coaxial transmission line. 1 

Microstrip, a sort of open-faced 
sandwich version of stripline', followed 
and is widely used well into the micro- 
wave region. Glass PCB, G-10, can be 
used but is lossy at microwave fre¬ 
quencies. Lower loss dielectrics like 
Teflon-impregnated glass laminates 
and low loss ceramics are available as 
are new types of structures — fin-line 
and suspended substrate, to name 
two. 


waveguides 

When you think of microwaves, 
what probably comes to mind are 
those bulky waveguides and wave¬ 
guide components. In the "good old 
days", microwave engineers were 
often referred to as "plumbers" be¬ 
cause they worked mainly with wave¬ 
guides and other materials that 
resembled pipes and plumbing. 

The practical uses of waveguides as 
transmission lines were discovered in¬ 
dependently and almost simultaneous¬ 
ly by W.L. Barrow and G.C. South- 
worth in 1936. 3 4 The breakthrough 
was one of many making radar and 
microwaves possible. Waveguide 
transmission lines have been used at 
frequencies below 200 MHz to well 
above 150 GHz! 

There are four basic waveguide 
cross-sectional geometries: rectang¬ 
ular, square, elliptical, and circular. 
Each type has specific electrical prop¬ 
erties and preferred usage. 

Rectangular waveguide is probably 
the most common since it has the 
widest operating bandwidth. Its width 


is usually twice its height (see fig. 2A). 

Square waveguide shown in fig. 2B 
is sometimes used in applications like 
dual polarized feeds and horns. How¬ 
ever, since its height and width are the 
same and there is mode isolation, it is 
difficult to use. 

Elliptical waveguide (fig. 20 is 
often used where flexible runs are re¬ 
quired — especially if it is corrugated 
and the run to be used is between 1.9 
and 15 GHz. It is usually easier to in¬ 
stall than rectangular waveguide but 
does have somewhat higher atten¬ 
uation. 

Circular waveguide (fig. 2D) has 
very low attenuation — sometimes 
only half that of rectangular waveguide 
— so it is often used on long, straight 
vertical or horizontal runs. Its circular 
nature allows two orthogonal modes 
to be propagated simultaneously, but 
this same circular symmetry can cause 
the polarization to rotate as the wave 
travels down the guide. 

waveguide modes 


A waveguide is a transmission line 
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Table 1. Resistivity and relative attenuation of some common metals or 
platings used in transmission lines at RF frequencies. 




Resistivity 

Attenuation 

Metal 


(ohms - cm x 10 

6 ) (relative to copper) 

Aluminum 


2.62 


1.23 

Brass (66 Cu 34 Zn) 

Copper (commercial 

3.9 


1.5 

annealed) 


1.7241 


1 

Gold 


2.44 


1.19 

Silver 


1 62 


0.97 

Steel (stainless) 


90 


7.23 

Table 2. Rectangular waveguide characteristics. 



EIA Waveguide Outside width 

Outside height 

Wall thickness 

Frequency range 

designation 

(inches) 

(inches) 

(inches) 

(GHz) 

WR-229 

2.418 

1.273 

0.064 

3.3-4.90 

WR 187 

2.000 

1.000 

0.064 

3.95-5.85 

WR 159 

1.718 

0.923 

0.064 

4.9-7.05 

WR-90 

1.000 

0.500 

0.050 

8.2-12.4 

WR-75 

0.850 

0.475 

0.050 

10.0-15.0 

WR 42 

0.500 

0.250 

0 040 

18-26.5 


where the wave propagation is not in 
TEM mode form. Waveguides appear 
to be simply a hollow tube with walls 
acting as a single conductor. There¬ 
fore, their operation is quite different 
from coaxial lines. Waveguides are 
mostly used as transmission lines but 
have other uses; these will be dis¬ 
cussed in next month's column. 

Waveguide transmission lines usual¬ 
ly operate in a TE (transverse electric) 
mode in which the electric field is al¬ 
ways transverse to the direction of 
propagation and transverse to the axis 
of the waveguide at all locations. 
Waveguides sometimes operate in the 
TM (transverse magnetic) mode in 
which the magnetic fields are every¬ 
where transverse to the axis of the 
waveguide. 

Unlike coaxial transmission lines 
which are not sensitive and can usually 
be operated from dc up to their cutoff 
frequency, waveguides are very fre¬ 
quency sensitive. Each geometry has 
a different cutoff wavelength or mini¬ 
mum frequency that can be propa¬ 
gated and below which the insertion 
loss is very high. 

If the operating frequency is higher 
than some critical value determined by 
the dimensions and the geometry of 
the guide, the wave will propagate 
down it with low attenuation. If the 
wavelength is greater than this cutoff 
value, the waves in the waveguide die 
out rapidly in amplitude even if the 
material in the walls of the guide has 
infinite conductivity. 

The mode for which the cutoff 
wavelength is greatest is the dominant 
mode (desired mode for transmission 
lines), since it has the least insertion 
loss. In a rectangular waveguide, it is 
often referred to as the TEio mode. 

The subscript "1" means that the 
field distribution in the direction of the 
long (cross-sectional) side of the wave¬ 
guide contains one-half cycle of vari¬ 
ation. The subscript "0" indicates that 
there is no variation in either the elec¬ 
tric or magnetic field strength in the 
direction of the short side of the guide. 
The TEio field pattern in a rectangu¬ 
lar waveguide is shown in fig. IB. 

The width of a rectangular wave¬ 


guide at the cutoff frequency is ap¬ 
proximately half that of the free space 
wavelength. For example, the free 
space wavelength at 2.3 GHz is ap¬ 
proximately 5.123 inches. Therefore, 
the width of a rectangular waveguide 
at this frequency must be at least 2.561 
inches. 

For minimum loss it is best to oper¬ 
ate in the dominant mode, which is 
about 25 percent higher in frequency. 
Here the optimum width of a rectan¬ 
gular waveguide at 2.3 GHz would be 
25 percent wider, or about 3.2 inches. 

The dominant mode in a circular 
waveguide is the TEn mode. Figure 
1C shows its field pattern. Cutoff fre¬ 
quencies are different for circular and 
rectangular waveguides. The circular 
waveguides also have modes that are 
closer in frequency than those of rec¬ 
tangular waveguides so they have nar¬ 
rower mode-free bandwidth. 

In general, the diameter of a circu¬ 
lar waveguide needs to be slightly larg¬ 
er than the width of an equivalent 
rectangular waveguide to work at the 
same frequency. See reference 5 for 
additional design information for circu¬ 
lar waveguides. 

The impedance of a coaxial line is 
constant. In waveguides, impedance 


changes with size, mode, and frequen¬ 
cy and is not easy to determine. If 
operating in the dominant mode in rec¬ 
tangular waveguide, the impedance is 
generally in the 350-to-600 ohm region. 

Because waveguides are specifical¬ 
ly intended for high frequency opera¬ 
tion, the conductivity of the walls is 
very important and plating is usually 
used. The plating need not be thick 
since the skin depth is shallow — often 
less than 0.001 inches above 1.0 GHz. 

Table 1 shows the resistivity and 
relative conductivity of some common¬ 
ly used waveguide materials and plat¬ 
ing. Copper and silver-plated copper 
are preferred. 

Waveguides have standards and a 
part numbering system just like coax¬ 
ial cables. See table 2 for some of the 
standard rectangular waveguide types 
and their important physical and fre¬ 
quency characteristics. 

Amateurs often use waveguides on 
the microwave bands. They cost little 
on the surplus market and have low 
loss, especially when used for anten¬ 
na feed systems. Compared to coax, 
the loss of WR-90 waveguide is 4.5 to 
6.5 dB per 100 feet over its opera¬ 
tional frequency range of 8.2 to 12.4 
GHz. A more complete list of the stan- 
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Boost the Range of Hand-Helds 

Today's hand-held VHF/UHF 
scanners and handie-talkies from 
Bearcat, Regency. Cobra, and 
Radio Shack, ICOM. Yaesu, and 
Kenwood have excellent sensitiv¬ 
ity and talk power, but their 
range is reduced by their short 
flex antennas. 

Tli): To increase the range of 
your hand-held scanner or trans¬ 
ceiver. connect a Grove ANT-B 
extendable whip antenna, equip¬ 
ped with standard BNC base. 


’ EQUIP-tfpft 


By Bob Grove 
WA4PYQ 


7»/>s from f/ie expert un 
boosting die porfi if main e 
nl your rai/io oi/uipmeril 


The Grove ANT-8 is a tully-adjustable. 
professional whip antenna made of 
chrome-plated brass and equipped 
with a standard BNC base lo fit most 
hand-held radios. Length is extend¬ 
able from 7 to 4b inches. Replace that 
inefficient "rubber duckie” with the 
AM -8 and STAND HACK' 

* Only plus $150 UPS Shipping (US) 

* A Grove Enterprises 

140 Dog Branch Road Brasstown. N C 28902 

(704(837 9200 oi MC Visa & COD only) 1 800-438-8155 
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fig. 3. Typical waveguide beyond cutoff 
applications. (A) Waveguide beyond 
cutoff for attenuating a frequency well 
below the cutoff frequency, (B) the air 
exit system used on a high power rf am¬ 
plifier to prevent rf radiation. 


dard waveguide types is found in refer¬ 
ence 6. 

G-lines 

The G-line, invented in 1950 by the 
late Georg Goubau, is a single conduc¬ 
tor surface-wave transmission line that 
suits the microwave frequencies, but 
until recently it hasn't been popular. 
Basically, the G-line is a single wire 
feedline with cone-like "launchers" at 
each end. Warren Weldon, W5DFU, 
has done a lot of work on this type of 
transmission line and has several oper¬ 
ational low-loss lines in use on the 
microwave frequencies. 1 Perhaps 
more Amateurs will try his techniques 
and add G-line to their arsenal. 

waveguides beyond cutoff 

Although waveguides are most 
often used as transmission lines in the 
dominant mode, they can be used in 
the cutoff mode as RF attenuators at 
lower frequencies (see fig. 3A). Cal¬ 
culate the attenuation below the cutoff 
region in a rectangular waveguide 
using eqn. 2: 

A = 27 (L/G) 

where A is the attenuation in dB, L is 
the length of the guide, and G is the 
width, in the same units. For circular 
waveguide, use eqn.3: 

A = 32 (L/G) 

where L is the length and G is the di¬ 
ameter of the guide in the same units. 



Attenuation is a linear function and 
not frequency sensitive if operated suf¬ 
ficiently below the cutoff frequency. 
For example, a circular waveguide 0.5 
inches in diameter and 0.5 inches long 
will have an attenuation of approxi¬ 
mately 32 dB and 96 dB at 1.5 inches. 
A simple and accurate mechanical at¬ 
tenuator can be designed. One exam¬ 
ple is the output attenuator on signal 
generators like the Hewlett-Packard 
608 (10-450 MHz). 

Amateurs can also use waveguides 
beyond cutoff in high- power amplifi¬ 
ers at the entrance or exit for the air 
delivery system, where rf could leak 
and any restrictions will cause the tube 
to overheat. 7 Often a group of five to 
ten smaller tubes (e.g., 0.5 inch di¬ 
ameter) are grouped together to re¬ 
duce the required length of a single 
large diameter tube, as shown in 
fig. 3B. 

Today waveguides and microwaves 
are not always seen as synonymous 
and the SOA is changing so rapidly 
that coaxial components are starting 
to dominate the microwave field (at 
least up through 10 to 20 GHz). Refer¬ 


ences 5 and 6 discuss microwave 
transmission lines and waveguide use 
in detail. 

microwave connectors 

Whether you use coaxial or wave¬ 
guide transmission lines, you will prob¬ 
ably need connectors. Special coax 
connectors have been developed for 
use as high as 34 GHz. 8 

Waveguides have connectors called 
"flanges" (fig. 4A). They are butting 
joints similar to plumbing unions and 
can be held together with ordinary 
machine screws as shown in fig. 4B. 
Sometimes these flanges do not join 
perfectly, causing rf leaks or im¬ 
pedance discontinuities. To prevent 
this, "choke" flanges with quarter- 
wavelength slots like those in fig. 4C 
have been developed. 

transitions and junctions 

Sometimes it's necessary to con¬ 
nect one waveguide size to another, 
just as you may interconnect an 
RG-8/U with an RG-17/U coax cable 
through a coax adapter. You might 
also want to change from a rectangu¬ 
lar to a circular waveguide, or from a 
waveguide to a coaxial line. You can 
accomplish this with a "transition" 
device. 

When connecting waveguides of 
different sizes, remember they will 
each have different impedances. If you 
were to operate at only one frequen¬ 
cy you could design a quarter-wave¬ 
length waveguide transformer; but this 
would require tight mechanical toler¬ 
ances that are difficult to maintain at 
these frequencies. 

For this reason, waveguides of dif¬ 
ferent sizes with common frequency 
ranges are often joined through a 
tapered section or transition. It is also 
desirable to have a transition to inter¬ 
connect a circular and rectangular 
waveguide. Typical transition is shown 
in fig. 5A. 

For a smooth change with minimum 
impedance discontinuities, transitions 
should occur over at least a wave¬ 
length. Typical losses in commercial 
circular to rectangular waveguide tran¬ 
sitions are 0.1 to 0.3 dB. 
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fig. 5 Typical waveguide transitions. (A) 
Two waveguides with different sizes but 
common frequency capability. IB) right 
angle bend with gradual twist. (C) right 
angle bend with mitred corner. (D) coax 
to waveguide transition using a voltage 
probe. 

A right-angle bend is another com¬ 
mon waveguide transition. An abrupt 
bend can be lossy, so smoothly bent 
waveguides (fig. 5BI or an abrupt 
bend with a mitered corner (fig. 5CI 
are used. 

Sometimes it is desirable to connect 
a coaxial device to a waveguide sec¬ 
tion and vice versa. It is referred to as 
a waveguide to coax adapter and the 
impedance within the waveguide may 
be difficult to determine. 

A coax to-waveguide transition can 
be done with a voltage or a current 
probe inserted near the end of a short 
ed waveguide. The most common 
technique is the voltage probe which 
puts a quarter-wavelength "probe" 
into the closed end of a waveguide as 
shown in fig. 5D This type of transi 
tion is often found at flea markets. 

summary 

This month's topic was microwave 


transmission lines and waveguides. 
The discussion concludes in next 
month's column, which will concen¬ 
trate on other microwave components 
and terminology. 

new VHF records 

For some time now EME activity on 
6 meters has been limited to a few 
energetic Amateurs who "think big". 
That is rapidly changing. I just heard 
that there is a new 6-meter EME DX 
record. On November 15, 1987 Ray 
Rector, WA4NJP, (EM84) worked Jim 
Treybig, W6JKV, (CM87) for an ap¬ 
proximate distance of 2145 miles (3451 
km). I hope to have more details in 
next month's column. Congratula¬ 
tions, Ray and Jim. 

important VHF/UHF events: 

March )6 EME perigee 

March 18 New moon (eclipse of the 

sun) 

March 21 * 2 weeks. Optimum time for 

TE propagation 

April 11 ARRL 144 MHt Spring Sprint 

Contest IMonday evening 
local) 

April 13 EME perigee 

April 16 New moon 

April 19 ARRL 220 MH / Spring Sprint 

Contest (Tuesday evening 
local) 

April 21 Predicted peak at the Lyrids 

meteor shower at 1730 UTC 

April 27 ARRL 432 MH/ Spring Sprint 

Contest (Wednesday evening 
local) 

April 29 30 Dayton Hamvention 
May 1 
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AND YOU CAN WORK IT WITH 
THE NEW RANGER AR 3500 


• Convenient easy-lo-use front 
panel controls 

• All Mode operation 

• Switchable noise blanker—highly 
effective on ignition noises 

• 100 Hz pet step 

• Programmable band scanning 

• Five selectable memory channels 

• Split frequency operation 

• Easy-to-read LED frequency display 

• Available in outputs of 30 & 100 walls 

• Microphone and power cord supplied 

RECEIVER 

Frequency Range 28 0000-29 9999 MHz 
Circuit Type Superhet dual conversion 
Clarifier Range • 500 Hz 
Sensitivily SSB * CW better lhan 0 3 |iV lot 
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TRANSMITTER 
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Power Output: 30 watt Model SSB—25 Watts 
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Input 12 5 VDC. 6A Man 
Power Output 100 watt Model SSB—100 Walts 
AM FM—30 Watls CW-150 Watts 
Input 12 5 VDC 25A Ma» 

WARRANTY 

Limited one year warranty by Clear 
Channel Corporation of Issaquah. WA 
AR3500Q-3GW |Reg 359) Call Us 

AR3500-100W (Reg 449).Call Us 

Scan Mic & Mod installed S45 00 

SP-1 Speech Processor 3300 

CW Bd Auto break-in 39 95 

3 Element Beam 26 30 MHz 8950 

Penetrator Mobile Ant 44 95 

RS-7A Pwr Sup lor 30W. 49 95 

RS-35A Pwr Sup lor 100W 134 95 
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Orders received by t PM PST shipped UPS same day 
COO VISA MC Neil day UPS delivery available 
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(800) 854-1927 
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IC-761 Now Top ol Line 2499 00 Call $ 

IC-735 Gen Cvg Xcvi S999 00 Call $ 

IC-751A Gen Cvg Xcvr 1649 00 Call $ 

R7000 Gen Cvg Rcvr 1099 00 Call S 

R71A Gen Cvg. Rcvr 949 00 Call $ 

IC-28A/H FM Mobile 25w/45w 429/459 Call $ 
IC-37A FM Mobile 2Sw 499 00 Call S 

IC-900 Super Multi-Band Mobile 589 00 Call $ 

IG-04AT UHF HT 449 00 Call $ 

IC-48A UHF 45w 459.00 Call $ 

IC-38A FM Mobile 25» 459 00 Call $ 

IC-02AT FM HT 399 00 Call S 

IC-n2AT Micro HT 329 00 Call S 


™ TS440S/AT 

TS-940SAT Gen Cvg Xcvr ! 
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FT-23 R/TT Mm, HT 
FT-209RH RM Handheld 5w 
FT-726R All Mode Xcvr 
FT-727R 2M/70CM HT 
FT2700RH 2M/70CM 25w 
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Garth stonehocker, koryw 


the ultimate 
antipode DX 

In our eternal search for the opti¬ 
mum propagation path and mode, one 
in particular antipodal DX has 
probably escaped our attention. The 
antipode is the farthest location on the 
earth from you. You can visualize this 
point by drawing a line from your lo¬ 
cation through the center of the earth 
to the opposite side of the world, or 
calculate it by taking the opposite lati 
tude (40°S from 40°NI and subtract 
your longitude from 180° and switch 
west to east or vice versa. Now the 
question is: are any Radio Amateurs 
there? 

what's special about your 
antipode? 

All directions point to it, every great 
circle path from your location goes 
through it, and, at the antipode there 
are energy focusing effects enhancing 
signal strengths. Experiments have de 
termined that the antipode reception 
area has a 300-mile radius before the 
signal diminishes by 12 dB. At greater 
distances, signal levels rebuild by 6 dB. 
This 6 dB range is equivalent to the cy¬ 
clical signal variations that occur in 
sync with propagation mode changes. 

The 6 dB circle perimeter is not fixed 
and its size can vary on a short (diur¬ 
nal) and long term (yearly) basis much 
like any other geophysical parameter. 
Propagation experiments also show 
that reception occurs up to 50 percent 
more often at the antipode than at a 
location only 900 miles away. The 
operating frequency used must not 
exceed the MUF for the particular azi¬ 
muth you choose. Avoid paths requir¬ 


ing the signal to cross the polar regions 
because of accompanying low MUFs, 
geomagnetic, and auroral signal ab 
sorption problems. Also avoid equa¬ 
torial paths where the MUF is consid¬ 
erably higher than the operating fre¬ 
quency because the greatest daytime 
signal absorption is found in those 
directions. Just remember many 
directions still point toward your anti¬ 
pode and one will be best for you. 

last-minute forecast 

The higher hf bands should peak 
(higher MUF) during the third and 
fourth weeks of March with increased 
solar flux levels and flare activity. 
These flares may cause geomagnetic 
field ionospheric disturbances around 
the 17th and 26th. The solar wind par 
tide count is expected to increase 
around the 6th as a result of thinner 
solar coronal. Excellent transequatorial 
openings should accompany these dis¬ 
turbances. Lower solar flux values ex 
pected during the first two weeks of 
the month with lower signal absorption 
will enhance daytime lower band DX 
(though not as good as a year ago). 
Evening nighttime DX should be good 
except when local thunderstorm noise 
increases. Spring equinox occurs on 
March 20th at 0939 UTC. A full moon 
appears on the 3rd and will be at peri 
gee on the 16th. 

band-by-band summary 

Ten, fifteen, and twenty meters will 
be open from morning to early evening 
almost daily in most areas of the world. 
Expect higher band openings to be 
shorter and closer to local noon. 
Transequatorial propagation on these 
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The italicized numbers signify the bands 10 try during the transition and early morning hours, while the standard type provides MUF during "normal” hours. 
’Look at next higher band far possible openings. 
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Electronics Supply 


3621 FANNIN 
HOUSTON, TEXAS 77004 


bands is likely to be toward evening 
during times of high solar flux and dis 
turbed geomagnetic field conditions. 

Thirty and forty meters will be use 
ful almost 24 hours a day. Daytime 
conditions will resemble those on 20 
meters, but skip and signal strength 
may decrease during midday on days 
with high solar flux values. Look for 
good nighttime use except after 
days of very high MUF (solar flux) con* 
ditions. Usable distances on these 
bands should be somewhat greater 
than that achieved on 80 at night. 

Eighty and one-sixty meters, the 
nighttime DXer's bands, will open just 
before sunset and last until sunrise on 
the path of interest. Except for daytime 
short-skip signal strengths, high solar 
flux values have little effect. Geomag 
netic disturbances, more evident at the 
equinoctial periods, cause signal at¬ 
tenuation and fading on polar paths. 
Noise increases noticeably on these 
lower frequency bands now and in the 
coming months. Please remember the 
DX windows of 3790 to 3800, 1825 to 
1830, and 1850 to 1855 kHz. 

ham radio 


CALL FOR ORDERS 
1 (800)231-3057 

1-713-520-7300 OR 1-713-520-0550 
TEXAS ORDERS CALL COLLECT 
ALL ITEMS ARE GUARANTEED OR 
SALES PRICE REFUNDED 


Now Ir.oni 1C 781 
Kenwood TM215A TH25A1 


CONTACT YOUR DEALER 

FOR MORE INFORMATION 

Amateur Radio Baluns- 
Traps-Remote Coaxial Switches 
Or Write To 

UNADILLA DIV. of ANTENNA’S ETC 

P O Box 215 BV ANOOVER MA 01810 
617 475 7831 


KurtwtXKl TS1 40S Call 
Kenwood TS U0S 

New Kenwood TM 221A 45W mobile 
ICOM28H TIM 


Shuf«* 44.iL) 

Altaic MC321 C.uiisMe D104 
••aiWiDUWC I UP 9 

Isopok.* 144 MM - 
Cushaati 124 WB 1 1 lb Mm. ) 
Rwtlernul MF6V 80 U) vof1t,.il 
MustleiG* 144 

M M ME ‘.Y.xkl Class Sei«e*. Ame 
HtMKT 14A 
NFWkl M t ? 441.Bx 


SSB ELECTRONIC TPANSVERTERS A PREAMPLIFIERS 

L T33S 902' 144 Avfn 20W GaAsfet S699 

L T23S 1296/144 Xv»1f 10W GaAslel $599 

MICRO 13 2304/144 XvMi 0 SW GaAstet $419 

MICRO X 10 388/144 Xvdr 200mw G*Asf«f $t>49 
up* ptotltji l*. 

5P ? 144 148 Mb; RF switched ptr.imy S209 

SP-70 430 440 Mh/ RE %vwilctwd preamp $?09 

L113S 2304' 144 Xvrtf 5W GaAstet $599 

om«» *tern!» 

1144/28 144 Mh; ’rjitsvertcr 25W 78 ot $0 IF $??9 
1220/28 220Mh;?r*itveftei IbW 28 oi 60 If $249 
PA 33200 902 Mh/ 200 Watt PA $6*19 

PA 231 SO I 296 Mlc I SO Watt PA $469 

PA 23200 12% Mh. 200 Watt «atr< cooled PA $299 

PA I32S 2304 Mh 25 Wall PA $439 

HI 400 High pp*ct ReMy 2 KV/ «1 144 Mh: $139 

HI 2000/6 Rp .iv ? KW Jl 100 Mh t - 400 W at 6 Gh.*$?19 

Factory Authorized Dealer lor SSB Electronics 
tor North America 

TRANSVERTERS UNI IMITED TRANSVERTERS UNLIMITED 

BOX 6286 SI A 1 ION A (US) 

TORONTO ON IARK) P 0 BOX 178 

NFWBOSTON NH 03070 
1416)759 5567 <603)547 2213 


l rwsttt - 2 meter on glass 
New L.)'M‘F CM 400 CO 
AnttfCO 2M V8 M.I0 Mount Cumj. 

IhcRjsaiMlsol immiH melee. 

H560A 

Aurovo* 1000 pt 500 V teedtruouvldCW 
Transit* met 120 VPn 1050 V 1A tStx 
*00 mid 450V Axial Cap 


This publication is 
available in microform 
from University 


USED EQUIPMENT 


PU*Mft*’ Hi»nd informHlian about these title* 


POLICIES 


Half-Square QRV-DX Monobanders 


* Work DX w ith No Tower and No Amplifier ™ 
Cut noise, cut near sigs. build DX Mgs. kill QKM. 
.10 Meters 15 Meters 20 Meters 30 Meiers 

k$29,95 $39.95 $49.95 $59.95 

."roadude Pattern. Lo* Profile. Coax feed. Ready to LSc 

Highest DX Gain per Dollar 

order add S' IMtupe A lUrvCuy and callor wnr 4 

1971 North Oak l-me A nlcrums West 
Provo. UT 84604-2138 *0 (801) 374-1084 


(.ominutvInHiifutuin 


Bird and Beiden producis in stock Call today * 


Phone * 

« |U lulMrti-H4*'S3I <044 In MirhiKiin 
M.irtk.t .111(1 ILiwdii • all M-ll.-t t It.1.781-47(111 Or 
man diijuiry in Pnoi-rsilv Mirrofilni<. InliTiuilional 
ion North /iit'b Road. Ann Artxir. Ml 4BI06 


m 
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WJ 

Ml 
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NEW 

products 



magnetic mount antennas 

Hustler. Inc. announces two new magnetic 
mount antennas, Rated at 100 watts, the RX 
series consists of a 5/8 wave, 3.4 dB antenna 
on a magnet mount that withstands speeds up 
to 75 mph. The RX 2 (2 meter) and the RX 220 
1220 MHz) are chrome with a black mount and 
coil cover. The suggested list price lor both 
models is $19.95. The RX senes is available in 
all black versions (models RX 2B and RX 220BI, 
each with a list price of $24.95 

The FX series, rated at 200 watts, is a 5 8 
wave. 3 4 dB antenna on a heavy duty magnet 
mount which holds at speeds in excess ol 100 
mph. The FX 2 (2 meter) and the FX 220 (220 
MHz) list lor $24 96 each All black versions ol 
tire FX series are available as models FX 2B and 
FX220B priced at $29.95 each. 

For information contact Hustler, Inc., One 
New Tronics Place, Mineral Wells, Texas 76067 
Circle /301 on Reader Service Card 


high-power linear amplifier 

The HL 180V is a high power linear amplifier 
designed for 144 MHz band and all mode oper 
alion It provides a maximum output power ol 
170 watts. You can operate the amplifier with 
3 10.25 watt output transceivers, as it will auto¬ 
matically select the incoming drive level. The 
LED power level indicator enables you to mom 
tor the output power level at all times Over 
voltage protection circuit prevents the rl power 
transistors from being damaged. Remote con 
trol lead wires are incorporated to enable a 
smooth and instant changeover especially on 
SSB 

Thu THL model HI 180V is now available at 
your local ENCOMM rlealer Suggested list price 
is $359.95 For further information contact 
ENCOMM, Inc 1506 Capital Avenue, Plano, 
Texas 75074 

Circle #302 on Reador Service Card 


MFJ speaker/mic for 
handhelds 

The new MFJ speaker/mic with its lapel 
pocket clip, lets you carry your handheld easily 
It Iras a lightweight retractable cord and a con 



nector that (its ICOM and Yaesu handhelds. 
It features clean audio on both transmit and 
receive. 

Available from MFJ dealers or direct from the 
company, the MFJ 284 retails for $24 95 and has 
a one year unconditional warranty. 

For more information contact MFJ Enter 
prises. Inc . P.0. Box 494, Mississippi State. 
Mississippi 39762. 

Circle #303 on Reader Service Card 


novice welcome 

Gordon West Radio School has a Novice 
welcome package containing literature sheets, 
rebate coupons, and in store discount offers 
from 30 Amatuer Radio equipment manufac 
hirers and accessory suppliers, and five dealers 



Included are ICOM. Kenwood, and Yaesu gift 
certificates worth up to $25 each towards the 
purchase ol new radio gear and free magazine 


issue certificates with subscription discounts 
There are catalogs from Amateur Radio acces 
sory manufacturers and "tip sheets” from 
manufacturers on how to set up a beginner 
Novice voice class station sent with each begin 
net course. 

The 21 day Novice course includes two stereo 
code learning cassettes and West's 112 page 
Novice book Priced at $19.95 (plus $2 50 post 
age and handling), the course materials include: 
FCC Form 610, a frequency reference chart, 
laminated world map, and a sample Novice exam 
package. 

Students who pass any upgrade examination 
or Novice entry level exam receive equipment 
discount coupons from ICOM, Yaesu. and Ken 
wood Anyone who passes the exams within 120 
days, using our materials, may write and receive 
radio rebate rewards, an FCC license holder, 
certificate of course completion, certificate for 
a free Amateur Radio magazine, and other 
coupons. 

For more information, write to Gordon West 
Radio School. 2414 College Dove, Costa Mesa, 
California 92626 

Circle #304 on Reader Service Card. 


Heathkit catalog 

The Heathkit H 386 Desktop Computer, an 
80386 based computet that operates two to 
three times faster than a PC AT. appears in the 
latest Heathkit Catalog Also featuied is the 
Zenith Data Systems Flat Tension Mask Color 
Monitor with a flat screen and VGA compa 
libility. 



I^XO) j~m 'A 


The most powerful kit computer offered to 
day. the H 386 provides graphics capabilities 
using a 31 kHz video card that automatically 
emulates EGA, CGA. MDA, and Hercules graph 
ics, depending on what video mode software re 
quires The standaid I megabyte of RAM can 
be expanded up to 16 megabytes The kit is easy 
to builrl and includes the H 386 with 1 megabyte 
ol HAM, the VGA video card, and one 1.2 mega 
byte 5 1 4 inch disk drive for $3349 95 
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2x4Z BASE 
REPEATER 
ANTENNA 

THE HIGHEST GAIN DUAL BAND 
BASE/REPEATER ANTENNA 

HIGH POWER 200 WATTS 

CENTER FREQUENCY 

146.500 MHz 

446.500 MHz 

GAIN: 

VHF - 8.2dB 
UHF - 11.5dB 
VSWR - 1.-1.2 or less 

CONNECTOR: 

N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 

WEIGHT: 5 LBS. 3 OZ. 

WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 

MAST 

CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 
CONNECTING 
JOINTS 

UPS SHIPPABLE 


AMATEUR SPECIAL 

1275 NORTH GROVE ST. 
ANAHEIM, CALIF. 92806 
(714) 630-4541 

CABLE: NATCOI.GI.Z ^ 2 77 
KAX (714) 630-7024 



BLACK DACRON® POLYESTER 
ANTENNA ROPE 

• UV-PROTECTED 

• HIGH ABRASION RESISTANCE 

« REQUIRES NO EXPENSIVE POTTING HEADS 

• EASY TO TIE & UNTIE KNOTS 

• EASY TO CUT WITH OUR HOT KNIFE 

• SIZES: 3/32" 3/16" 5/16" 

• SATISFIED CUSTOMERS DECLARE EXCEL¬ 
LENCE THROUGHOUT U.S.A. 

LET US INTRODUCE OUR DACRON 11 ' 

ROPE TO YOU • SEND YOUR NAME AND 
ADDRESS AND WE’LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION. 

Dealer Inquiries Invited 


* 


, .. 2472EASTMANAVE ,BUILDING21 

- s/ntneric ventura. California 93003 


textiles,inc. (bos) 658 >903 


^ 276 


THE RF CONNECTION 

"SPECIALIST IN RF CONNECTORS AND COAX" 

Part No. Description Price 

321-11064-3 BNC 2 PST 28 volt coaxial relay, 

Amphenol 

Insertion loss: 0 to 0.75GHz, 

0.1 MB 

Power rating: 0 to 0.5GHz, 100 
watts CW. 2 kw peak 

isolation: 0.1 GHz/45db, 0.2 GHz/ $25 used 


40db, 0.4 GHz/35db tested 

83-822 PL-259 Teflon. Amphenol 150 

PL-259/ST UHF Male Silver Teflon. USA 1 50 

UG-21D/U N Male RG 8.213. 214. Amphenol 2 95 

UG-21B/U N Male RG-8. 213. 214, Kings 4 00 

9913/PIN N Male Pm for 9913, 9086. 8214 

fils UG-21D/U & UG-21B/U NTs 1 50 

UG-21D/9913 N Male for RG 8 with 9913 Pin 3 95 

UG-21B/9913 N Male for RG-8 with 9913 Pm 4.75 

UG-146/U N Male to SO-239. Teflon USA 5 00 

UG-83/U Female to SO 239. Teflon USA 5 00 


‘THIS LIST REPRESENTS ONLY A 
FRACTION OF OUR HUGE INVENTORY” 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 
Gaithersburg, MD 20877 

(301) 840-5477 

VISA/MASTERCARD: Add 4% 

Prices Do Not Include Shipping 


^ 275 




1988 CALL DIRECTORY 

(on microfiche) 


Call Directory 

$8 

Name Index 

$8 

Geographic Index 

$8 


All three — $20 Shipping per order $3 

BUCKMASTER PUBLISHING 

Mineral. Virginia 23117 
703-894-5777 


^ 274 



The ZCM 1490 Flat Tension Mask (14 inch 
diagonal) Monitor has true color at higher inter) 
sities with more contrast, brighter colors, and 
less glare than conventional round monitor 
cathode ray tubes. 

The Robot Arm Trainer, a flexible, multijoint 
ed robotic arm, is also new. Controlled by an 
8 bit microprocessor, the ETS-19-32 Trainer can 
be programmed through its attached teaching 
pendant, and connected to a computer through 
an RS-232 serial port. It features five axes of 
motion, and a patented sense-of-touch gripper 
programable for specific amounts of force. Six 
closed loop DC servo motors provide smooth, 
accurate movement, and menu-driven software 
allows command option selections. 

For a free catalog, write Heath Company, 
Department 350-030, Benton Harbor, Michigan 
49022. In Canada, write Heath Company, Dept. 
3100, 1020 Islington Ave., Toronto, Ontario 
M8Z 5Z3. 

Circle 1305 on Reader Service Card. 


YA-1 low pass filter 

Bencher's Low Pass Filter can help Amateurs 
active on high frequency bands resolve television 
interference problems. The YA-1 filter has a mini¬ 
mum attenuation of 80 dB or better in indepen 
dent lab tests for harmonic radiation in channel 
2 and higher. 

For details write Bencher, Inc., 333 West Lake 
Street, Chicago, Illinois 60606. 

Circle #306 on Reader Service Card. 


"DCPS" switcher power 
supply for the C-64 

Engineering Consulting announces a new 
power supply for Commodore 64 computers 
allowing operation directly from 12 volts dc or 
batteries. The power supply provides emergency 
backup and solar power operation. 

The "DCPS" delivers 9 volts ac at exactly 60 
Hz and 5 volts at up to 2 amps. A crystal 
controlled time base is used to divide a 3.58-MHz 
crystal to 60 Hz so an accurate clock is generat 
ed for the computer's internal timers. The 5 volts 
dc is provided by a state of-the-art switcher at 
75 percent efficiency. 

The power supply is cable ready and plugs 
right into the C-64. For additional current reduc 
tion a jumper can be installed bypassing the 
internal 5-volt regulator, and the "DCPS" will 
provide the entire 5-volt requirement. This mod 
ification lets the C-64 operate with a current drain 
of 1 amp from the 12 volt battery. 

The "DCPS" is available from Engineering 
Consulting, 583 Candlewood Street, Brea, Cal 
ifornia 92621 for $119.95 plus $4.00 shipping. 
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flea f, i—j 
market 


RATES Noncommercial ads I0<t per word; 
commercial ads 601 per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market. Ham 
Radio, Greenville, N H. 03048 


TEST EQUIPMENT WANTED. DnnT vw.nl w. II pay cash 
for LATE MODEL HP. Tpk. Hr Call (ilann. IM/LPK, ill Skagiuop 
ics Co (800) 356 TRON. 

HAMLOG COMPUTER PROGRAMS. 1/ modules auto logs, 
sorts 7 band WAS DXCC Full loutnies Apple $19 95, IBM or 
CP M $24.% KA1AWH. POB 2C , 5. Peahnoy VIA 01960 

WANTED ATLAS 350-XL. N5NM 2169. S.mM Ft:. NM 
87504 (506) 988 2305 

GaAs FET Inexpensive. NE72083 $8.00 each or $65.00 for 10 
pcs, air postpaid Has hotter characteristics than MGF1402. Only 
cash tint.I International Postal Money Older acceptable. ;iny 
check not act eptahle. Other V UHF devices such ns power rood 
ult?s. diodes. turixistors available IA0JCJ. Him Shinzawa. 1464 
Ostitn Ktif li 400 Japan 

HAVE $60. W.ml SB610 Scope in working condilion. W80X 
Box 452. Birmingham, Ml 48012 1313) 644 5042 

OEX-QEX-QEX. ARRL Expetimenlers t x< hange Complete Vol 
ume 1, Dec 1981 thru Volume 72, Fob 1988. Shipped UPS pro 
paid USA 48, $75.00. Certified chock or MO (216) 494 9666 
W8FRB 4434 F.ndiiivoii MW C.mton. OH 44/1)9 

CALL SIGN BADGES: Custom license pinto holders Pnrson.il, 
distinctive. Club discounts SASf WR3GND. Box 750. Clinton. 
MD 20735. (301) 248 7302 

R-390A Receiver $115, eleelioinc.illy compItMe. repairable 
(government umoved meiets, oper.ilion iinoHni.tedi R 39UA 
parts; nlu SASt Prob-sxional quality 1S 362 Voltohm 
Mnllimclei AC DC with leads, manual $1? 50 Mmi milil.iiy 
spec pull out 12A77, 6BA6 6AG6, 6AI.6 $10 six CPRC 26.n 
fynlry Manpat k R.idio, 6 meter f M receiver Utinsmitrer sections, 
cabinet iintenii.i, < ryst.il, liiindset $22.‘>0, $42 50 p.nr. H 251 

Militiiry ...lions Headphone:. $/ 60 Add $4 f>(l piece 

shipping I$9 maximum). cm rpt ft J90A shipped < oiler t Baytron 

ics. Box !>91 S.inrItisky, OH 14870 

SB220 OWNERS: Add 161) n.ei.-is OSk. 8 ,iddmon.il -n 
It,nu emepi:, 10 i >,ige slop liy slop in.inn.il mi lodes purls souo cs. 
and 3 600,' tei h m.inn.il SASf, fr<r del.nit. $ 10 plus $ 1 post.'ipc. 
WA2S00. 69 Memoii.il Pint r. I Imwoorl P.iik NJ 07407, 

SOLDERING STATION AND TOOLS. hnuj nan unit Aieerr 
c .111 ‘-r-v : ,i: li: 1. Pohcrl Virus "i.po>* rxpo'l Box 643 /M vnr 
hoveit. N.i P//04 12011 /:>8 8388 

WANTED TEN-TEC ARGONAUT. N5NM. Rm 3169. S.ml.i H-. 
NM 87!>04 PjOiv 938 2306 

ANALOG AND RF CONSULTING lor the S.m Francisco B.ry 
.ire, l Cr iinmeii i.il . mi I nnlil.it v - in oil-, .mil -.yt.letns James Long. 

P)t O N6YB 14081 /33 8329 

GAIL S QSL s $b IK) fust lot). $4 ou lhen-.iti.-i St.imp tor s.tm 
pies KA0Y/1 I PiOH Munoz Wright Cily MO 6339t> 


AMP SUPPLY LK 800 A Linear external power supply, b amp 
diodes, four 3CX-800A tubes. Bob. N2FBB. Rt 5, Box 860, Hoik 
imer, NY 13350. (315) 866-6527 

WANTED: Klystron tubes especially 2911. Magnetrons; also 
304TL 6012, 810 and 5CX1500A All typos of sockets for trans 
mining tubes Harold Bramstedt, 6104 Egg Lk Rd, Hugo. MN 
55038. (612) 429 9397. 

MACINTOSH SATELLITE and Propagation Software Mac Dak 
"’displays graphic maps (rectangular, polar, great circle), views 
from space, schedules, windows Also tracks Sun and Moon 
Compatible with KIM MIRAGE rotor interface. Shows gray 'me, 
sunrise sunset, hearing, distance. MUF vs time, areas of world 
'open . SASE for info or $49.95 from R. Stoqemeyee. PO Box 
1590, Pori Orchard. WA 98366 

UNLOCK THE POWER of your Heath Counier IM 2400 own¬ 
ers, easy one evening kit yields two decades greater resolution 
Measure things you thought you’d have to buy another count 
er for. You won’t believe the difference. $12 95 for kit *1 10 to 
L h R Distributing, PO Box 4643, Norihbiook, IL 60062 

1988 PRODUCT AND PRICE LIST of our Kits and Assemblies 
is now available Send SASE to A Ft A Engineering, 2521 W 
La Palma, Unit K. Anaheim. CA 92801. 

SUPERFAST MORSE CODE SUPEREASY. Subliminal cas 
setto. $10. Learn Morse Code in 1 hour Amazing new super easy 
technique. $10. Both $17. Monoyhaek guarantee Free catalog: 
SASE Bahr, 2649 HI Temple, Palmhay. FL 32905. 

UHF PARTS. GaAs fets, mimics, chip caps, trimmer caps, and 
other builder parts MGF 1402 @$14.00 MFG 1302 @$10.00 
8 lOpf Ti mu ionics trimmer @$3/5 Porcelain chip raps 
@$1 75 Oideis add $1.00 p < h SASF ti>i complete list MICRO 
WAVE COMPONENTS. 11216 Cape Cod. Taylor. Ml 48180 

WA9GFR COMMUNICATIONS SOFTWARE. $15.00 disk < on 
tains HF VHP UHF/L-Band propagation programs to predict 
range in miles based on transmitter power, receiver sensitivity, 
and antenna height & gain. A ''must” for designing lepeater 
installations. Also includes Smith Chart impedance matching 
programs Commodore-64 or IBM I ynn Geiig. RR1. Monroe 
villi?. IN 46773 

IBM-PC RTTY/CW. New CompRiiv II »s the complete 
RTTY'CW program for IBM PC's and compatibles. Now with 
linger buffers, (letter supfxirl for packet units. pictures. much 
more Virtually -my speed ASCII. BAUOOT. CW. Text entry via 
built in screen editor! Adjustable split screen display Instant 
mode speed change. Hardcopy, diskcopy, break in buffer, select 
calling, text file transfer, customisable full screen logging, 24 
programmable 1000 character messages Ideal for MARS and 
traffic handling. Requires 256k PC or AT compatible, serial port. 
RS 232C TU $65. Send call letters (including MARS) with order. 
David A. Rice, KC2HO, 25 Village View Bluff, Ballston I ake, 
NY 12019 

CHASSIS. CABINET KITS. SASI K3IWK. 5120 Harmony 
Grove Roan. Dover. PA 17315 

TELEVISION SETS made before 1946. early TV parts, lueia 
tun? wanted for substantial cash. Especially interested in "rmr 
ror in the lid" and spinning disc tv x Finder’s foe paid for leads. 
Arnold Chase, 9 Rushleigh Road. West Hartford. Conn. 0611 7. 
(203) 521 5280 

ENGINEERS request free catalog of f lectromcs Software Cir 
emt analysis filter design, graphics i.-i< BV Engineering, 2200 
Business Way. Suite 207, Riverside. CA 92501 (714) 781 0252 

CODE PROGRAMS. Apple C 64 128 37 modes/graphics les 
sons. LARESCO. POB 2018 HR Calumet City, IL 60409 1312) 
891 3279 

RTTY JOURNAL— Now in oi» 36ih yi-ae Join the cm.le of 
RTTY f ik-i ids from all over the world Year's subscription to 
RTTY JOURNAL. $10 00, forni(|ii $16 (X) Send to: RTTY JOUR 
NAL, 9085 La Casila Avo., FouiiMm Valley, CA 92708 

IMRA International Mission Radio Association helps mission 
arir*s. Equipment loaned. Weekday net 14 280 MHz. 1 3 PM 
Eastern Nine hundred Amateurs hi 40 countries. Rev. Thomas 
Sal tie S.J University of Scranton. Scranton PA 18510 

MARCO: Medical Amateur Radio Con:-. Lid. nperuu-s daily 
and Sunday nets. Medically oriented Amateurs I physicians den 
lists, veterinarians, nurses, physio therapists, lab te< Imiciaos, ) 
invited to ioiii Presently over 550 members, For loformarioo write 
MARCO. Box 73 s. Acme. PA 166lu 

COMMODORE REPAIR/CHIPS W. a-e the oldest largest 
Aulhonzed Servi* . Center in ih«• eonotiy Low puces eg. C 64 
repair $39.96 including parts lahoi Commodore Chips at low 
prices *6610 $8 95. *6526 $8.96 *6667 $14 4 5. *6581 $10.95. 
82SI00 PL A $12 85. 325672 $9 95 325302 $10 95, 

*8/21 $11 !>». *8722 $12.95 901 RUM Series $9.95. NILW 
Ammiga Chip;, i.all for pnc.i: .mil manv ollmis.. THI COM 
MODORE D AGNOSTICIAN A ; mrpieu diagriuslic r. fe'encc 
< har: for hx-rq Coiriuodore con-p.nets etc An absolute inns! 
for fhosi- wfio want to fix then own computersand save money 
find down time $6.95 plus postage HD Power Supply fur 
C (34 $27.96 - pp...Send for t ompU-ie i hips parts raining 

We ship worldwide. VISA MC. K.isara, Inc. 36 Murray Hill Drive. 
Sprint] Valiev. NY 10977. 1800 248 2983 (Nationwide) nr 
014 356 3131 

YAESU FT-727-R COMPUTER INTERFACE. For min wide 

(it-tald Hugsi-ri f >insulting. IhKI Wuudland. Palo Alti CA 

04303 


RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego. CA 92117. SASE 
brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave all 
types available. Large stock. Next day delivery, mosi coses. 
DAILY ELECTRONICS, PO Box 5029, Compton, CA 90224. <?13l 
//4 1255. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors Five patch minimum Free sample, prices and ordering 
information. HEIN SPECIALTIES, Inc., Dept 301,4202 N. Drake. 
Chicago. IL 60618 

PACKET RADIO AMATEUR. Announcing a new heavy duty 
C 64 Commodore replacement power supply especially for the 
Packet Radio Amalour. The new higher amperage output will 
now allow for 24 hour continuous "Packet" operation without 
voltage change or failure which the existing unit can succumb 
to. This P S. is an exact physical replacement and will not run 
tint $27 95 i pp VISA. MC Kasara Inc, 36 Murray Hill Dnve. 
Spring Valley, NY 10977 1 800 248 2983 (Nationwide! 

914 356 3131 

RECONDITIONED TEST EQUIPMENT $1.25 for earning. 
Walter, 2697 Nickel, San Pablo, CA 94806. 

COMING EVENTS 

Activities — “Places to go . . .” 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY 
COORDINATORS: PLEASE INDICATE IN YOUR ANNOUNCE 
MFNTS WHETHER OR NOT YOUR HAMFEST LOCATION. 
CLASSES, EXAMS. MEETINGS, FLEA MARKETS, ETC. ARf 
WHEELCHAIR ACCESSIBLE THIS INFORMATION WOUL D 
nr GREATLY APPRECIATED BY OUR BROTHER/SIS H FI 
HAMS WITH LIMIT! D PHYSICAL ABILITY. 

OHIO: March 6, The Conneaut Amateur Radio Club's Ham 
test. Conneaut Human Resource Center. 327 Mill St, Corn caul 
Wheelchair act; Paved par king Admission $3.00 8’ labli* (X). 
Vendors 7 AM Public 9 AM 3 PM Jack Marttila. K A8 T UD. 69/ 
Broad Street, Cnnneauf. OH 44030 

MASSACHUSETTS: March 6. The Mount Torn Amateur He 
pea ter Association's annual Flea Market, Knights of Columbus, 
Council 69, Granby Road, Chicopee. Admission $2. Your non 
ham spouse and kids admitted free. Tables $8- advance: $10 
door. Free parking Reserved Handicap parking. Vendors / AM. 
Public 9 AM. Computer, electronics and Amateur vendors Food 
and refreshments available Talk in on 146.94 and 223.82 repeal 
ers; 146.52 simplex. For reservations write Marvin Yale, N1CDR, 
6 L uurel Terrace, Weslfielri. MA 01085 (413) 562 1027 evenings. 
(413! 532 6411. 532 4891 days. 

PENNSYLVANIA: March 6 The brsr annual York Wintmfesl 
(Ham Ft Computer) Dover Firehall. Indoor rabies $10 Free tail 
gating. Food, refreshments and more. Registration $4. Spouse 
and kids under 12 free. Admission 8 AM Talk in on 146.3/ 9/ 
and 147.93/33. For information and registration York Winter 
fust, 5112 Roller Rd. Millers, MD 21107. 

NEW JERSEY: Maieh 12 The Shore Points ARC invites you 
to Spnngfest 88 Hamfest. Atlantic County 4 H Center Rt ‘Kl. 
Egg Harbor City Sellers admitted 7 AM Buyers 9 AM Indoor 
selling space $5. Buyers $3. Talk in on 146.385/ .985 and 1 •)(> 57. 
For information SPARC, POB 142, Absecon, NJ 08201 

INDIANA: March 12. The Morgan Couniy Repeater Assoiaa 
Hon is sponsoring Indiana Hamfest, Indiana State Fairgrounds 
Pavilion Building, Indianapolis. Open 8 AM. Admission $5 floor. 
8' flea market table space $8 No space without table Talk in 
on 146 25. For information and table reservations SASE before 
2/26 88 to Ailceii Scales, KC9YA, 3142 Market Place, Blooming 
ton, IN 47401 (812) 339 4446. 

MICHIGAN: March 19. 27th annual Michigan Crossroads Ham 
lest, Marshall High School, Marshall. 8 AM to 3 PM Tukeis 
$3 door or $2 advance (SASE) Talk in on 146.66 oi 1 Hi 57 

1 oi information wrne SMARS. POB 934, Battle Creek. Ml 19016 

NEW HAMPSHIRE: March 19 The Interstate Repeater Sor¬ 
ely of Derry will hold its annual Flea Market, Lion's Club Hall, 
Hudson, NH 8 AM to 4 PM Admission $2. Tables $ 10 Ini' Index 

2 admissions). Ham equipment, computers and more Fui Utile 
reservations write IRS. POB 693, Derry. NH 03038 (603) 
434 4435 

TEXAS: March 19 20 The Midland ARC will hold its annual St 
Patrick's Day Swapfnst. Midland Couniy Exhibit Building, east 
of Midland, northsideol Hwy 80. Saturday 10 5; Sunday 8 2:30. 
Pie rugisualion $5. $6 ai door. Tables $6 each Refreshments 
,md food available VE lesls all categories. For informuhftb and 
n-xfi vat ions - omarl Midland ARC. POB 4401. Midland IX 
79704 

FLORIDA: March 19 20. The Playground ARC will hold us 18th 
annual North Florid.i HAM SWAPFEST, Shrine Fairgrounds, 
north Ft Walton Beach Doors open 8 AM both days FCC 
exams Saturday only Banquet Saturday night. RV parking Talk 
in on 146.19 79 and 52. For more information write PARC, POB 
8/3, Ft Walton Beach, FL 32548. 

NORTH CAROLINA: March 19 and 20. The Meeklenhuig ARS 
is sponsoring the Charloru- Hamfest ami ComputeHau Chur 
lotto Convention Center. 4lh and College Streets, uptown Char 
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flea market 


iitiir S.itmrl.iy 9 5 Sunday 9 3 Iii ki’tN $b advtiH r *6 ikMM 

Sin .I'lv.iiHc $12 •*«»»» Tickirli. .1(1(1 I,ibk~> «*xmI fo» Ixitli 
days Chrtdu'n under 12 ben Large fb’a iiuiiknl programs to 
turns niMtbv .(•M.im.iMf. .mil MtMlr IimmI crnn nswus Talk m 
i in W4BF-B Run 145 29 Fi»» »nlu»m.ilMii« and teMWatHite. write 
Chadotte Homiest POH 221136. Chadotte NC 28222 1136 

PENNSYLVANIA Match 7b !h. B.-.n't Valk-v ARA a.U 
sot |Im* 4|ti annual Beaver Volley Homiest Gulden Dtwiir • >' 
lint Community CoHuye «•* Beovet County Mona. a 8 Am iu 
4 PM Vtlfuioi s|hM-es $2 (tilt h Free udn.iveon tit e.M t» yirtulot 
8 table*. $6 Forum*. lu enve testing and .good food I m revived 
spiin.' tables write Don Woshlnime WB3MWB 20/ Mall Rood 
AIm imp,.., PA 15001 I4I2» //4 7079 

KENTUCKY M.im h 26 ARRt ‘jt.it' L'.irveut«M'M.un--o"xJ by 
Ihe Lincoln Ti.nl ARC PmIcHohJ Community Centct Flt/abnth 
town Many activities Flea market VF testing I nr urns Admis 
von 44 advance $5 door Vendor space £5 Talk in on 146 52 
146 38 98 For information in kilt reservation* rnntULt Chuck 
Strain AA42D POB 342 Vine Grove. KY 401/5 

MARYLAND Match 26 and 27 Bad mi. •. • ARv , 1988 ' .n ut. • 
Baltimore H.imhrriet- and Computer first Maryland State Fan 
I/rounds FnhrbltKH) Curnple* al Timunrurn ledum lira market 
large dealer area Large uutilrKir Ilea market with lots nl • 
ironic bargains c.iletena selva •• plenty of tree parking Gates 
open B AM each day Admission 44 one day or $6 troth day*. 
Children under 12 flee for more informalMm cunl.i. t CBHtfC 
P0B 95 Timonium MD 21093 0095 m all I310IHAM 11ST 

WISCONSIN Match 27 Thi Tn i .unty ARC W9MQB .sill 
hold its arm.iul Manifest 8 AM to 3 PM Jelhrfson County Fan 
'pounds. Jeflerson Tickets 02 50 advance $3 door Tables 
$3 advant e $4 (loot Doors open > AM sellers only Plenty of 
bee parking Amateui exam* talk in mi 144 89 145 49 oi 
I4(j 5? Fiii MttnrmalKiil. tickets nr tallies SASF to TCAHC POH 
321. Mill.in Wi 53563 

OHIO Man'll 27 Tht 10t»> mnual I a- minty Harnlesl Mad. 
•..in Hu|It School. Buue. Road and Middle Rid«|e Road Mad* 
son. Ohio 8 AM to 3 PM Sponsored by the lake County ARA 
I lea market FCC e»ams furums computer lupus Admission 
44 iloot S3 prior to Maicb t will' SASF Talk in 14/ ?1 81 
I CAR A rejM’.rter far information 1 CARA Humlrsl 280.1 Sky 
ImeVH'W Onve Mentor OH 44060 <2ifci 953 9/84 until 9 PM 

ILLINOIS Match 27 lAMARSF 1ST 1988 spun-...md |. v it..- 
i ibetlyvrt!** and Mundelein ARS. Lake County Fairground*. 
Grayslakt? Doors upon 8 AM Setup ftom fi AM by lesetvutam 
ulrty Onnatinnr. S3 at gate S? advance Commerr i.il exhibitors 
. all Mark Alwamson KC9VW t312t 2% 0642 8 10 PM 

NEW JERSEY' Man I. J! I'.-ta.... tin Del.us.ire Vali.-y R 
A\wx'Mbon writ sponsor MAMCOMP 88 Ihft 16th rwrou.d Fksi 
Market. New Jersey NatKin.il Guard 112lli I ntld Artillery Amnry 
Fggerls Crossing Ro.it! Lawrence Tnwn-.inji Admiv.mn S3 
idvan. e S4 door Irnlmit selling spar es 47 and S10 Outdoors 
46 Sellers bring own tallies Doors open 6 AM tor setup 8 AM 
lor public Free parking Rehcsbm»*uts available Talk .n on 
146 07 6/ lor information and spa., i estiva Hons SASF tn 
HAMCOMP 88 c 0 KB2ZY Bo. -14IB RD 1. Stockton NJ 
06559 Handicap parking and wheelchair at.tenable 

MASSACHUSETTS Apn i /be f i.i'n.ngfi.irn ARA >' >'<i 
its annual spring Flea Market and exams Framingham Civn 
league Bldg 214 Concord St. downtown Framingham Lady 
Buds 9 AM admission S9 10 AM admisMun 4? Received talkies 
412 *»" ludes one free ydme»von Table setup 8 30 AM 1 alk in 
on 14/ 16 repeater Reserved tables Jon Wctnet K1VVC 52 
Overlook Drive Framingham MA 01701 »617i 877 7166 License 
exams registration TARA PO Bo. 3005 Fr.irningb.im MA 
01701 

SOUTH CAROLINA: April 10 The Chariestm, Amatem R > '■ 
Society • annual Homiest. Elks Re.n ation Site, Mwy 7 oft • 26 
8 AM In 6 PM Adm.s-SionS6U0.ilij.it. Hospitality rnrwn Salur 
day night 7 30 PM at North Charleston fcmti.rnge Club Helm 
Avenue Flea Matket, cams dealers bee parking Talk.nun 
146 16 76 Contact Jenny Myers PO Bo* 70341 Charleston 
NC 29405 747 2324 

WISCONSIN: April 10 The Madison .him Reja-atei A-. .. ..a .nr 
Im. I MARA i anriuutH.es its 16tf. annual Swapfesl Dune Conn 
ty F*position Center Forum Building Madison Dootfc open / 3D 
AM foi flea maikiit sellers 8 AM for |>uhlu AdmissKjn 42 75 
advance >3 door Children 12 and under free Flea market tahta 
S7 advance S8 door plus admission Deadline for ticket*. table 
(ewnvottons is 4 3 88 Write MARA PUB .1403 Madison WI 
53704 or all 16081 2/4 5153 

OPERATING EVENTS 

"Things to do . . ." 

Augusta. Maine Man h 17 Ihe August tn'ergen. y Amateui 
Radio Unit will operate born llw stale capital using I bo sjieraul 
Bicente.im.ii .all sign W200TLC 00012 March 12 lo 23592 
March 18 All bands modes 160n> /0cm For sjm-. crt USl c.ird 
send OSt and SASI loWiTIC. Airgittt Fmenjency ARU i o 
K1NIT William Crowley Bo* 1589 FtaUnwel! MF 0434/ 


HAM EXAMS 1 h. \flit VjHf R.g .. Her As ... .I r».. Mi f 

Radio S«h K'ty (.Her monthly Hunt t.ams All • kisses Nuvki to 
Extra Wedrwvtiy MARCH 23 /PM MIT Room 1 Wl //Mass 
Ave C.nntKNlge MA R«^sr*rvatMins "-guested 2 day. m ad 
v.mce Conl.rrt Ron Hoffmann at dil/t *346 1641 I uni f.t 
44 25 Bong a . njry «»t ythll i WtMH In enw'd anyi two •urrie. 
of pit tore ID and a . ompleteif form 610 available brnn tti.< fCC 
in Ouinty MA (61/1 770 4023 


CHARGE 

YOUR CLASSIFIED ADS 

to your 
MC or VISA 
write or call 



HAM RADIO MAGAZINE 

Greenville. NH 03048 
(603) 878-1441 


MOVING? 

KEEP HAM RADIO COMING ... 


If possible let us know four to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule Just remove the mailing label 
trom this magazine and affix below 
Then complete your new address (or any 
other corrections) in the space provided 
and we ll take care ot the rest 

r~mf§jn Allow 4-6 weeks for 

ICIUIU correction 

Magazine 

Greenville. NH 03048 

Thanks tor helping us to serve you better. 
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SAY YOU SAW IT 
IN 

HAM RADIO 


MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 



WITH TEC-200 FILM 

JUST 3 EASY STEPS: 

• Copy circuil on TEC-200 film using 
any plain paper copier 

• Iron him on lo copper clad board 

• Peel oft film and etch 

SATISFACTION GUARANTEED 
convenient 8 v? x 1 1 size 

5-Sheets for S3.95 
10 sheets only $5.95 

4dd Si 00postage NY res .mm sales t<«« 

The MEADOWLAKE Corp. 

DEPT I P O Box 497 
Northport. New York 11768 
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Electronic Repair Center 

Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast 

Large parts inventory and factory 
authorized warranty service for 
Kenwood. Icom and Yaesu. 

SEND US YOUR PROBLEMS 


Servicing "Hams" for 30 years, no rig 
too old or new tor us. 


4033 Brownsville Road 
^jyf Trevose, Pa. 19047 

215-357-1400 


INDUSTRIAL QUALITY 
REPLACEMENT BATTERIES 
FOR COMMUNICATIONS 

Nickel-Cadmium. Alkaline.Lithium.etc. 

Repair Packs For 

ICOM- KENWOOD YAESU. 
SANTEC, AZDEN TEMPO. 
CORDLESS PHONES AND MORE' 

NEW! I.C.E. PACK s 49 95 



E.H. YOST & CO. 

EVERETT H YOST KB9XI 

TJ44 TETIVA RD 
SAUK CITY WI 53583 
ASK f OH OUH CATALOG 

| 608 ] 643-3194 
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ORDER DESK HOURS (Eastern): 
MONDAY FRIDAY 10 A.M. to S P.M. 
SATURDAY 10 A.M. to 4 P.M. 

Technical and VA orders call (703) 938-33S0 


Electronic Equipment Bank 

516 Mill Street N.E., Vienna, VA 22180 
Telephone (703) 936-3350 


STORE HOURS (Eastern): 
Same aa Order Desk Hours 
Closed Mondays 
Thursday 10 A.M. to S P.M. 


Electronic Equipment Bank—Order Toll Free 800-368-3270 


NOVEX 701 HANDSET 


DATONG AUTOMATIC 
NOTCH FILTER 


• Automatically notch out 

heterodynes, whistles. J ( 

• Get rid of 'tuner-uppers' i 
on NET frequencies. 

• I second is typical lock ^ 
time/covers 270 Hz to 3.5 Khz. 

• Auto/Manual operation in 
Notch or Peak modes. 

ANF...$119.95 ♦$-». ups 


* Handset w/PPT switch. 

* Bracket w/DTMF, speaker <St 
volume controls. 

* Upgrade your 'mobile' image! 

Specify YAESU. ICOM or KENWOOD. 
HSC701Y, I or K...579.95 ♦ s-t ups 


DATONG MULTIMODE 
AUDIO FILTER 


<j 

ADONIS 


LAPEL 
. MIC! 


HW-10^— 

* Clip-on lapel Mic/Earphont^*£c 

* PTT switch/battery powered, 

(battery not included). 

Specify ICOM, YAESU, KENWOOD. 
Order: HW101, Y or K. S4.UPS 

INTRODUCTORY SPECIAL...$39.95 


DOCKING BOOSTERS 

• GaAs FET preamp 

• Compact solid slate 
POWER Amplifier in 
30 or 50 wall models 

• ICOM. KI NWOOD or 
YAESU from! 

5169.95 and up! 

CALL FOR DETAILS 
MICROS A Standard 

* Turn your HANDHELD 
into a Mobile Giant! 

WP230 or WP250. Y, I. K ♦ S-e ups 


NOVEX 537 SPK MIC 


• SSB, SSB it PEAK, SSB & NOTCH, 
CW & RTTY! 

• If you need an audio filter this is it! 

FL2...5159.95 .S4 ups 

• The ultimate audio filter, same as 
FL2 but with AUTO NOTCH! 

FL3...5229.95 ♦ sc ups 


DATONG DIRECTION 
FINDER 
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• Finally a speaker/mike 

we can all afford! W 

• Specify YAFSU. ICOM nr KLNWOOD % 

DMC537Y. I or K...519.95 . si ups’ 


* Attach to any RS232 compatible 
computer for CW.RTTY.ASCII.AMTOR. 
PACKET and WEATHER FAX (Epson 
MS-80/RX-80 for Fascimilc). 

• The PK 232 is THE UNIT to buy! 

EEB includes the AC Adapter 
»57I5I2 with purchase! 

PK232...5299.95 * S6. ups_ 


1988 CATALOG 

SHORTWAVE! 

CALL OR WRITE TODAY! 

36 Pages over 300 items for the SWLcr! 


HANDHELD SCANNER 


220 MHz! 


• Covers NOVICE 220 MHz band! 

• 16 Memorics!/Scanning. 

• Dclay/Lockout/Priority. 

• 26-30. 60-80, 115-178, 210-260. 
410-520 MHz- NICAD ixmer 

BJ200...5229.95 ♦ s-t ups. 




• Doppler DF system for FM receivers. 

• User attaches his own coax, nntennas & speaker. 

• Normal transccive operation even while DFing! 

• 20 - 200 MHz. dependant on users equipment 

DF ..5329.95 . s&H 


COMPUTER INTERFACE 
AEA PK 232 


EEB 


• We ship world-wide 
Shipping charges nol included 
Prices & specilications subject to 
change without notice 


10 miles west of Washington, D.C. 

Sorry—No COD’S /Sat 

10-5 Tues., Wed., Fri. 10-9 Thursday XHK|| 
10-4 Saturday Closed Sunday and Monday 


• Enjoy SHORTWAVE or EXTEND frequency 
for YAESU FRG9600 and ICOM R7000 radios. 

• The following have PL259 connecters 
for YAESU FRG9600: 

• FC965DX...5149.95, 20 kHz - 60 MHz. 

• FC1300...5199.95. soo MHz - 1300 MHz. 

• WA965...5109.95, 30 MHz - 1.5 GHz 

• Control console for ease of operation 
switches converters and antennas in/out. 

CC965...5119.95 

• FC7000 for ICOM R7000 with type 'N' 
connecters 20 kHz-60 Mltr 5159.95 

• FC96SDX, FC1300, WA965 it FC7000 can be 
used without Control console and are 
powered from: FRG9&00 or R7000 


DIPMETER 

• 1.5 to 250 MHz. 

• 6 plug-in coils. . 

• Use as OSC for j 
receiver alignment. 

• See the review in 
'73* .Magazine (nov. 87) 

DM-4061...579.95 + 


RF SIGNAL GENERATOR 

* 100 KHz • 150 MHz: 

450 MHz on harmonics. 

• RF output: 100 mVs. m 

, • • 

SG-4160...5149.95 + $4. '■ 


SWR/RF ANTENNA METER 

* Read SWR. RF power 

f and field strength 

* 10 or 100 watt range. 

* 1.7 to 150 MHz. 

SWR3P...S19.95 + $4. UPS 


*\ ELECTRONIC EQUIPMENT BANK 
516 Mill Street, N.E. 

Vienna, VA 22180 

day Order Toll Free: 800-368-3270 

Technical and VA Orders (703) 938-3350 
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“I convinced my club to buy a repeater controller from 
ACC and I’m glad I did." 


Out gimip ilrrlclrd lo upgrade our repealer system and 
I was llip onr asked lo luvr-Migatr 

We’ve always irird In have the 1***1 system around so It 
was time in make some changes. We needed a control 
system that was reliable, easy to hook up. cost 
effective, and something lhat would free the irchnlral 
guys lor more interesting projects than Just krrptng 
the equipment running. 

K very one In the club put .1 lew hurks Into the j»m ami It 
was ours! 


We’ve lounU the volte messages and telemetry make 
using 1 he repeater more full. The convenience of 
remote programming anil automatic scheduled 


CICC 


advanced 
computer 
controls, inc. 


operation Is remarkable Not to mention thr most 
sophisticated autopatch ever designed for amateur 
use loiter we added the Digital Voice Recorder for 
|x*rsnnalt*rd IDs hulletin boards, and voice mall 
ACC s products arr state of the art commercial 
finality anti hmli to last Workmanship no solid even 
the military uses them 

What impresses me even more, though. Is the support 
we gel from lire staff at ACC • both before and alter the 
sale And they protect our Investment through simple 
plug In software and hardware upgrades new 

features and capabilities that keep mu club 011 top. 

I led good alvout recommending Advanced Computer 
Controls* repeater controllers Altrr all. it’s rni; club’s 
money that wan spent and mq reputation that wan on 
the line 

2*156 Walsh Avenue • Sants Clan, California (406) 727-3330 
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DOWN EAST MICROWAVE 



MICROWAVE ANTENNAS AND EQUIPMENT 

• loop Vsgla • Powar Dlvldara • Llnaar Ampll tiara • Comptaia 
Array* • Mlcrowrra Tranavartara • GaAeFFT Praampa 

• TROPO • EME • Weak Signal • OSCAR • 002 • 1269 • 1296 

• 2304 • 2400 • MMMHi 

2346 LY 4Sal loop Yagl 1296 MHt 20dBi JB3 

1346 LY 46al loop Yagl 2304 MHt 20dBl 690 

3333 LY 33*1 loop Yagl 902 MHi 18.6dBI S93 

Above antennas assamblad ana tasted Kits available 
All Aluminum and Slainlaaa Construction 
Add S8UPS S/H, |il Waal of th* Mississippi 
2316 PA Llnaar Amp 1W In 1IW out 1296 MHi 11.6V 6246 ppd 
2318 PA llnaar Amp 10W In 36W out 1296 MHt 12.5V 6295 ppd 

NEW! MICROWAVE TRANSVERTERS 
BY LMW ELECTRONICS 

laiMIMVftO aw OaAifEI I'M Saqwsncaf Output Mriai 
JJBIIIIVJO 2W OaAafil TTO SwiiiHiin Output Wrlw |*4f 


Add $6 for shipping UPS/48 
Stripped down version, Kits also available 
Writs For FREE Calaloo 

DOWN EAST MICROWAVE 
Bill Olson, W3H0T 

Box 2310. RR I Troy ME 04987 
(207)9483741 
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SYNTHESIZED 

SIGNAL GENERATOR 



MODEL 

SG-100F 

S429.95 

dellverad 


• Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial • 
Accuracy +/- 1 pari per 10 million at all 
frequencies • Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least 60 dB below carrier • Out¬ 
put adjustable from 5 500 mV at 50 Ohms 

• Operates on 12 Vdc @ 'h Amp • 
Available tor immediate delivery • $429.95 
delivered • Add-on accessories available 
lo extend Ireq range, add infinite resolu¬ 
tion, AM, and a precision 120 dB attenuator 

• Call or write lor details • Phone in your 
order for fast COD shipment 

VANGUARD LABS 

196-23 Jamaica Ave.. Hollis. NY 11423 
Phone: (718) 468-2720 Mon thru Thu 
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/ *\ 
AMATEUR RADIO MAIL LISTS 

Sell-stick 1x3 labels 

•** NEWLY LICENCED HAMS *** 

*•* ALL NEW UPGRADES *** 

“* UPDATED EACH WEEK **• 

Total List = 462,728 (ZIP sorted) 

Puce is 2 5 cents each (4-up Cheshire) 

BUCKMASTER PUBLISHING 
Mineral, Virginia 23117 
703:894-5777 

V___ J 
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Magnetic 

Attraction 


Tired of paying higher and higher prices for 
V.H.F. magnetic mount antennas? Hustler has 
the solution. l\vo new series of antennas at 
suprisinglv affordable prices, built with the 
same quality and performance you expect 
from a Hustler product Designed to offer you 
years of trouble-free operation Priced to 
save you money. 

FX SERIES (pictured mounted) 

• 3.4 db gain | 3/8 wave 

• 200 watt rating 

• IS foot coax 

PL-259 connector installed 

• Magnetic mount holds to 
100 ntph 

Model I X- 2 — 2 Meter, black & chrome 
Model FX-220 — 220 MHz, black and chrome 

24.95 

Also Available in Hlack 

Model FX 2b. 2 Meter 

Model FX 220b 220 MHz 29.95 ea 


RX SERIES (pictured lying down) 

• 3-4 db gain | S/8 wave 

• 100 watt rating 

• IS foot coax 

PL-259 connector installed 

• Magnetic mount holds to 7S mph 

Model KX-2, 2 meter black and chrome 
Model RX-220. 220 MHz, black & chrome 



19.95 

Also Available in black 

Model RX-2B, 2 meter 

Model RX-220B. 220 MHz 24.95 ea 



One Ncwtronics Place 
Mineral Wells, Texas 76067 
(817) 325-1386 








Radio's guide to help you find your locai 


California 


A-TECH ELECTRONICS 

1033 HOLLYWOOD WAY 
BURBANK, CA 91505 
(818) 845-9203 

New Ham Store and Ready to Make a 
Deal! _ 

JUN'S ELECTRONICS 

3919 SEPULVEDA BLVD 
CULVER CITY, CA 90230 
213-390-8003 
800-882-1343 Trades 
Habla Espanol 


Colorado 


COLORADO COMM CENTER 

525 EAST 70th AVE 

SUITE ONE WEST 

DENVER, CO 80229 

(303) 288-7373 

(800) 227-7373 

Stocking all major lines 

Kenwood Yaesu, Encomm, ICOM 


Connecticut 


HATRY ELECTRONICS 

500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 06114 
203-527-1881 

Call today. Friendly one-stop shopping 
at prices you can afford. 


Delaware 


AMATEUR & ADVANCED COMMUNI¬ 
CATIONS 

3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 

Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 

71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441-7008 

Icom, Ten-Tec, Microlog, Yaesu. 
Kenwood. Santee, KDK, and more. 
One mile off 1-95, no sales tax. 


AMATEUR ELECTRONIC SUPPLY 

621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 

Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 


Georgia 


DOC’S COMMUNICATIONS 

702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 / 861-5610 
ICOM, Yaesu, Kenwood, Bird... 
9AM-5:30PM 
We service what we sell. 


Hawaii 


HONOLULU ELECTRONICS 

819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 

Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 


Idaho 


ROSS DISTRIBUTING COMPANY 

78 SOUTH STATE STREET 

PRESTON, ID 83263 

(208) 852-0830 

M 9-2; T-F 9-6; S 9-2 

Stock All Major Brands 

Over 7000 Ham Related Items on 

Hand 


Illinois 


ERICKSON COMMUNICATIONS, INC. 

5456 N. MILWAUKEE AVE. 

CHICAGO, IL 60630 
312-631-5181 

Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:00-3:00 Sat. 


Maryland 


MARYLAND RADIO CENTER 

8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1212 

Kenwood, Ten-Tec, Alinco, Azden. Full 
service dealer. 

M-F 10-7 SAT 9-5 


Massachusetts 


TEL-COM, INC. 

675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
617-486-3400 
617-486-3040 

The Ham Store of New England 
You Can Rely On. 


Michigan 


ATLANTIC SOLAR POWER/ENCON 

(SINCE 1979) 

37279 W. SIX MILE RD. 

LIVONIA. Ml 48152 
(313) 591-7745 

Solar Electric Power for Repeaters, 
Ham Shacks, Packet Radio. 

Call Paul, WD8AHO 


Missouri 


MISSOURI RADIO CENTER 

102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821-7323 
Missouri: (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 


Nevada 


AMATEUR ELECTRONIC SUPPLY 

1072 N. RANCHO DRIVE 
LAS VEGAS. NV 89106 
702-647-3114 

Dale Porray "Squeak,” AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 


Florida 


AMATEUR ELECTRONIC SUPPLY 

1898 DREW STREET 

CLEARWATER, FL 33575 

813-461-4267 

Clearwater Branch 

West Coast’s only full service 

Amateur Radio Store. 

Hours M-F 9-5:30, Sat. 9-3 


Indiana 


THE HAM STATION 

220 N. FULTON AVE. 

EVANSVILLE, IN 47710 
(800) 523-7731 
(812) 422-0231 

ICOM, Yeasu, Ten-Tec. Cushcraft, Hy- 
Gain, AEA & others. 


New Hampshire 


RIVENDELL ELECTRONICS 

8 LONDONDERRY ROAD 
DERRY. N. H. 03038 
603-434-5371 

Hours M-S 10-5; THURS 10-7 
Closed Sun/Holidays 



YOU SHOULD BE HERE TOO! 

Contact Ham Radio now for complete details. 


88 ESB March 1988 


































1 mateur Radio Dealer 


New Jersey 

ABARIS SYSTEMS 

276 ORIENTAL PLACE 
LYNDHURST. NJ 07071 
201-939-0015 
Don WB2GPU 

Astatic. Azden, B&W, Butternut Larsen. 
Mirage/KLM, Kenpro, Nye. Santee. 

THL. and many others. 

M-F 10 am-9 pm 
SAT 9 am-7 pm 
VISA/MC 

KJI ELECTRONICS 

66 SKYTOP ROAD 
CEDAR GROVE. NJ 07009 
(201)239-4389 
Gene K2KJI 
Maryann K2RVH 

Distributor of: KLM, Mirage, ICOM. Lar¬ 
sen. Lunar, Astron. Wholesale - retail. 


New York 

BARRY ELECTRONICS 

512 BROADWAY 
NEW YORK, NY 10012 
212-925-7000 

New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHP COMMUNICATIONS 

915 NORTH MAIN STREET 
JAMESTOWN, NY 14701 
716-664-6345 

Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York’s finest Amateur dealer. 


Ohio 


AMATEUR ELECTRONIC SUPPLY 

28940 EUCLID AVE 

WICKLIFFE, OH 44092 (Cleveland Area) 

216-585-7388 

Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30, Sat. 9-3 


DEBCO ELECTRONICS, INC. 

3931 EDWARDS RD 
CINCINNATI, OHIO 45209 
(513) 531-4499 
Mon-Sat 10AM-9PM 
Sun 12-6PM 

We buy and sell all types of electronic 


UNIVERSAL AMATEUR RADIO, INC. 

1280 AIDA DRIVE 

REYNOLDSBURG (COLUMBUS), OH 
43068 

614-866-4267 

Featuring Kenwood, Yaesu, Icom, 
and other fine gear. Factory author¬ 
ized sales and service. Shortwave 
specialists Near t-270 and airport. 


Wisconsin 

AMATEUR ELECTRONIC SUPPLY 

4828 W FOND DU LAC AVE 
MILWAUKEE, Wl 53216 
414-442-4200 

Wise. Wats: 1 (800) 242-5195 
Outside Wise: 1 (800) 558-0411 
M-F 9-5:30 Sat 9-3 


Pennsylvania 

HAMTRONICS, 

DIV. OF TREVOSE ELECTRONICS 

4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 

Same Location for over 30 Years 


Tennessee 

MEMPHIS AMATEUR ELECTRONICS 

1465 WELLS STATION ROAD 
MEMPHIS. TN 38108 
Call Toll Free: 1-800-238-6168 
M-F 9-5; Sat 9-12 

Kenwood, ICOM, Ten-Tec. Cushcraft, 
Hy-Gain, Hustler, Larsen, AEA, 
Mirage, Ameritron, etc. 


Texas 

MADISON ELECTRONICS SUPPLY 

3621 FANNIN 
HOUSTON, TX 77004 
713-520-7300 
Christmas?? Now?? 


KENNEDY ASSOCIATES 

AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO, TX 78238 
512-680-6110 

Stocking all major lines San Antonio's 
Ham Store. Great Prices — Great 
Service. Factory authorized sales and 
service. 

Hours: M-F 10-6; SAT 9-3 

MISSION COMMUNICATIONS 

11903 ALEIF CLODINE 

SUITE 500 (CORNER HARWIN & 

KIRKWOOD) 

HOUSTON, TEXAS 77082 
(713) 879-7764 

Now in Southwest Houston—full line 
of equipment. All the essentials and 
extras for the "ham." 


Foreign Subscription Agents 
for Ham Radio Magazine 


Ham Bad'o Austria 
Kami Ueber 
Postlach 2454 
O 7650 Loetrach 
Wesi Germany 
Ham Radio Belgium 
Sieieohouse 
Brusselsesieenweg 4i6 
B 9218 Gent 
Belgium 

Ham Radio Holland 
Posibus 4i3 
NL 7600 Ar Emmen 
Holland 

Ham Radio Europe 
Box 2084 

S i9« 02 Uppiands Vasby 
Sweden 

Ham Radio France 
f>M Electronic 
20 bis, Ave des Clarions 
1- 89000 Auxene 
t ranee 

Mam Radio Germany 
Karin Ueber 
Postfach 2454 
l)-7B50 Loenach 
West Germany 


Canada 
Send orders to 
Ham Rad'0 Magazme 
Greenville NH 03048 USA 
Prices in Canadian funds 
1 y r 541 85. ? yr;> $74 25 
3 yrs $99 90 


Ham Radio Italy 
Via Mamago 15 
1-20’ 34 Milano 
Italy 


Ham Radio Switzerland 
Kann Ueber 
'Posflach 2454 
0-7850 Loerrach 
West Germany 


Ham Had'O England 
c/o flSGB 
Lambda House 
Cran borne Road 
Potters Bat 
Hens EN6 3JW 
England 


Discover 


At trie \ 

RADIO WORKS,\ 

Mam radio is a\. 
CONTACT sportl \ 

« Super Loop * 

80 & 40 M loop 
Great performance 
Al 1 bands with 
transmatch. v a 


jjk 


BP/ nwr 

X Passport 
| To a world 
~Sof new ideas 
'And exceptional 
r wire antennas 




Wi 


Z Ruggged new baluns 
Full range of wire 
Coax, cable and parts 
range of accessories 

SEE m VE'RE DOW NJH! 


Something Newt 


Contact Jim, W4TRJ for free catalog 
(send *1 for 1st Class postage) 

Box 6189, Portsmouth, VA 23703 
(Dealer inquiries Welcome) 

804 * 484*0140 - 

»» CAROLINA VINDOH «« 


The best 75 M antenna around? Probabtyl When 
you hear one, you'll want one. You can use it on 
all bands with a transmatch. Feed it with coa*. 

All RADIO VGRKS products arc haoc with prioc on 

THE AMERICAN GIOC. IN VA/USA. 
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ELMER’S NOTEBOOK 



Tom McMullen, W1SL 


transmission lines 

Transmission lines are a vital part of 
any Amateur station, but often the 
most mysterious component (and 
most misunderstood as well) used in 
setting up a station. This month's 
notebook looks at how transmission 
lines are put together and what they 
do. Perhaps you'll feel a bit more at 
ease in a discussion of lines and their 
advantages and faults after reading it. 

why a transmission line? 

There was a time when transmission 
lines were not widely used by Ama¬ 
teurs — when TV didn't exist, houses 
(and neighbors) were not packed 
together on postage stamp sized lots, 
and those who happened to hear an 
Amateur on their Broadcast-Band sets 
were more interested in eavesdropping 
than complaining. 

In the interest of simplicity and 
economy, the end of a length of wire 
was simply run into the ham shack and 
tapped onto the power amplifier plate¬ 
tuning circuit through a suitable capac¬ 
itor. The tap was moved along the 
turns of the coil until the proper plate 
current at resonance was obtained, in 
dicating that the amplifier was properly 
loaded and providing power to the 
antenna. 

This worked well — the antenna 
radiated (and the radiation included 
several harmonics as well as the fun¬ 
damental signal), QSOs were made, 
and everyone was happy. The fact that 
all of the wire radiated - even the por¬ 
tion that was inside the ham shack — 
didn't particularly bother anyone. An 


occasional ''hot'' key or microphone 
gave a slight tingle or warm sensation 
to the operator, and sometimes the 
lights flickered a bit from induced rf in 
the power lines, but that was part of 
the mystique of being an Amateur. 

Those who were more interested in 
doing things right knew they would get 
better results by placing the antenna 
high, away from power lines, tele¬ 
phone lines, and other metal objects 
that could intercept the energy being 
sent toward the horizon for a distant 
station to hear. What was needed was 
a means of getting the energy across 
that gap between the output of the 
transmitter in the shack and the feed- 
point of the antenna many feet in the 
air. The answer was a transmission 
line. 

Early transmission lines were hand¬ 
made, open-wire lines with fairly wide 
spacing (often 6 or 8 inches between 
wires). The ingenuity of hams in adapt¬ 
ing materials for use as insulating 
spacers was just as great then as it is 
now: glass rods, porcelain insulators, 
and wood dowels that had been boiled 
in paraffin (wax) were common materi¬ 
als. Today, almost any type of trans¬ 
mission line you need can be found at 
electronics parts stores or Amateur 
conventions and flea markets. Still, 
there are those who take pride in con¬ 
structing an open-wire line of parallel 
No. 14 wire supported by plastic hair 
curlers or 35-mm film can lids. 

open-wire fines 

Figure 1A shows the evolution of a 
single-wire antenna (or feeder for an 
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FIELDS EXPAND AND ENERGY IS RA OI AY t D 



I - FIEL ii:l IN TF RF 5 RE, 

RADIATION IS CREATL Y Hn’UCEO 


fig. 1 Single versus balanced wire line. 
A single wire, used as a feeder, radiates 
energy the same way as an antenna. 
Another parallel wire completes a circuit 
with current flow going in the opposite 
direction. The opposing electromagnetic 
fields cancel each other, so that almost 
no radiation takes place Thus, the ener¬ 
gy is conducted to the antenna to be 
radiated. 


90 S3 March 1988 








PARALLEL WiftE LINE 


Q-- 

-© 

2 0 =■ 276 LOG OHMS 


fig. 2. The impedance of open-line 
(parallel wire) transmission line is deter¬ 
mined by the center-to-center spacing of 
the wires and its diameter. Any materi¬ 
al between the wires other than air will 
lower the impedance. 



end-fed long wire) into a parallel-wire 
transmission line (fig. IB). The line 
works because the fields from instan¬ 
taneous current flow cancel each 
other. This means that the line does 
not radiate any significant amount of 
energy from your transmitter; it is 
being passed along to the antenna 
where it's radiated into space well 
above wires, TV sets, and telephones. 

All transmission lines have a charac¬ 
teristic impedance, referred to as "Z", 
or "Zq". This is important because all 
parts of the system must be matched, 
as discussed in last month's notebook. 
The impedance of a line is determined 
by the diameter of the wires and the 
space between them, as shown in fig. 
2. The formula given is accurate for 
wires that have mostly air between 


them — a few supporting spacers will 
not change the impedance enough to 
worry about. The air between the 
wires is called the "dielectric", just as 
it is when referring to air between the 
plates of a capacitor. 

Any insulating material other than 
air, if present in large amounts, will sig¬ 
nificantly change the impedance of the 
line — usually to a lower value. If you 
measure the wire diameter and spac¬ 
ing of common 300-ohm TV twin lead, 
and use the impedance formula in fig. 
2, you'll get the wrong answer. The 
manufacturer knows what the effect 
of his dielectric is, and adjusts the 
spacing of the wires accordingly. 

Two types of open-wire lines are 
450- and 300-ohm "ladder line", once 
widely used for low-loss TV reception. 
This is the lowest loss transmission line 
you can get for an Amateur hf band 
installation and requires some care 
when putting it to use. Sharp bends 
are a no-no, and it should not be closer 
than 6 or 8 inches to any metal: gutter 
pipes, eaves, aluminum siding, win¬ 
dow frames, or other wires. It should 


be stretched tight and supported on in¬ 
sulators so it will not swing in the wind 
or twist and short-circuit. 

Open-wire lines need a matching de¬ 
vice or transformer of some sort be¬ 
tween the line and the transmitter (and 
sometimes between the line and the 
antenna). For transforming from coax¬ 
ial cable to open-wire line, a balun is 
often used. This device gets its name 
from the operation it performs — 
adapting a balanced line to an un¬ 
balanced one. The function of a balun 
is merely this — it does not match im¬ 
pedances. 

There are different types of baluns: 
50-to-300 ohm, 50-to-50 ohm, and 
75-to-300 ohm are the most common. 
A typical installation might require a 
50- or 75-ohm transmitter output to be 
adapted to 300-ohm open-wire line; a 
75-to-300 ohm balun will do the job. 
Another typical use is at the center of 
a half-wave dipole for 80 meters — a 
50-to-50 ohm balun is sold for this pur¬ 
pose, enclosed in a weather-tight case, 
ready to connect between the coaxial 
cable and the antenna wire. 


Table 1. Characteristics of commonly 

used transmission lines. 

Line 

Z 0 ohms 

Velocity 

factor 

Outside 

diameter 

Maximum working 
voltage (rms) 

RG 8X 

52.0 

75 

0.242 


RG-8/U 

52.0 

66 

0.405 

4000 

RG-8/U foam 

50.0 

80 

0.405 

1500 

RG-8A/U 

52.0 

66 

0.405 

5000 

RG-9A/U 

51.0 

66 

0.420 

4000 

RG-9B/U 

50.0 

66 

0.420 

5000 

RG 11/U 

75.0 

66 

0.405 

4000 

RG-11/U foam 

75.0 

80 

0.405 

1600 

RG-17A/U 

52.0 

66 

0.870 

11.000 

RG-58/U foam 

53.5 

79 

0.195 

600 

RG-58A/U 

53.5 

66 

0.195 

1900 

RG-59/U foam 

75.0 

79 

0.242 

800 

RG-59AU 

73.0 

66 

0.242 

2300 

Aluminum 

Jacket, foam 
(hardline) 

1 12 inch 

50.0 

81 

0.5 

2500 

7/8 inch 

50.0 

81 

0.875 

4500 

1 2 inch 

75.0 

81 

0.5 

2500 

7- 8 inch 

75.0 

81 

0.875 

4000 

open wire 

TV 1/2 inch 

300 

95 



1 incti 

450 

95 



300 ohm 
twin lead 

300 

80 
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You can perform impedance match¬ 
ing with open-wire lines by using a 
matching network, like the Trans¬ 
match or similar circuit that accepts 
the line impedance at one input and 
the transmitter impedance at the 
other. At the antenna, matching 
methods include a quarter-wave trans¬ 
former (that is the mean impedance 
between the antenna and the line), 
matching stubs, hairpin loops, or a 
specially designed balun. 

coaxial lines 

The principles that apply to open- or 
parallel-wire transmission lines also 
apply, with some modifications, to 
coaxial lines. Figure 3 shows how the 
impedance of an air-dielectric coaxial 
line is determined. Keep the conduc¬ 
tors from touching each other (and 
maintain constant spacing), and re¬ 
member that the insulating material 
used for support affects the impe¬ 
dance. One thing that is critical with 
coaxial cable is the power level it can 
handle. The center conductor is sur¬ 
rounded by insulation, and any heat 
generated by current flow in the cop¬ 
per is trapped inside the cable. If the 
heat is great enough the insulation can 
melt or break down and create a short- 
circuit. This is usually not a problem 
at legal Novice power levels, but at 
higher levels and high SWR, RG-58 
and RG-8 cables have been known to 
burst into flame. Table 1 shows some 
important characteristics of a few 
common transmission lines, including 
the rms voltage they can withstand. 

Be wary of "bargain" transmission 
lines found at flea markets and surplus 

Invitation to 
Authors 

ham radio welcomes manu¬ 
scripts from readers. If you 
have an idea for an article 
you'd like to have consid¬ 
ered for publication, send for 
a free copy of the ham radio 
Author's Guide. Address 
your request to ham radio, 

Greenville, New Hampshire 


03048 (SASE appreciated), 



houses. These coaxial cables can differ 
in several ways from what you might 
buy from a dealer. Only two are seri¬ 
ous enough to create problems: the 
amount of shielding provided by the 
outer conductor, and possible con¬ 
tamination of the dielectric. 

Most coaxial.cables used today are 
flexible; that is, they are constructed 
with a woven braid as the outer con¬ 
ductor which allows the cable to bend 
in a reasonable curve without damage. 
While it is impossible to obtain 100 per¬ 
cent coverage with a braid, some 
cables come very close (better than 90 
percent). It takes only a moment to re¬ 
move a small piece of outer jacket from 
coax and look at the amount of visible 
braid. If the weave is loose, and you 
can see a lot of dielectric peeking 
through, the cable is no bargain at any 
price. Poor coverage lets rf "leak" out 
and noise leak in. The impedance is 
not likely to be constant, and losses 
will be greater than with good cable. 
Cables with double braid covering can 
sometimes be found, and these are ex¬ 
cellent, although you may have 
trouble getting both braids to fit into 
a connector. 

Another "gotcha" is contamination 
of the dielectric. Moisture and gases 
can be absorbed by almost any plas¬ 
tic, and the dielectric material itself can 
change chemically because of sunlight 
and heat. This changes the character¬ 
istic impedance of the line, increases 
loss, and may lead to heating and 
breakdown of the line at higher pow¬ 
er levels. Some cables resist contami¬ 
nation, and are worth looking for if you 
live in a particularly hot, damp, or 
smoggy area. Some can even be left 
lying on the ground or buried without 
danger of contamination, but should 
be tested for losses every year or 
so. Decibel Products VB-8 and Times 
Wire and Cable Company Impervion 
are two. 

other impedance 

The cable television industry uses 75 
ohms as its standard for cable and am¬ 
plifier termination. Surplus cable, often 


*2252 Paxson Lane, Arcadia, California 91006-8537. 


hundreds of feet in length, appears at 
flea markets and surplus houses at 
tempting prices. Can you use it? Ab¬ 
solutely. Your transmitter (and re¬ 
ceiver) will probably not know the 
difference. Antennas have to be cou¬ 
pled to the transmission line anyway, 
so just match it to 75 ohms instead 
of 50. 

The rub is that since most power/ 
SWR meters are made for 50-ohm 
cable, their indications will not be 
strictly accurate. They're useful, but 
you can't be sure that what you see 
is what's really happening. If the price 
is right, use the cable and take the in¬ 
dicated SWR and power readings with 
some skepticism. I'll discuss ways of 
dealing with this in a future column. 

repeater follow-up 

I received a letter from Tom O'Hara, 
W60RG, with information about 
1200-MHz repeaters and equipment. 
He notes that there are six ATV (Ama¬ 
teur TV) repeaters in Southern Califor¬ 
nia, with 70-cm inputs and 23-cm out¬ 
puts. The ATV simplex frequency is 
1289.25 MHz. PC Electronics,* oper¬ 
ated by Tom and Maryann, expects to 
have a 23-cm ATV transmitter board 
ready for the Dayton Hamvention this 
spring. Tom enclosed a list of 23-cm 
fm repeaters for that part of the coun¬ 
try; it shows over 35 repeaters, start¬ 
ing at 1270.1 (input) with the output 
12 MHz higher at 1282.1. 

According to a technical note Tom 
included, the Icom RP1210 23-cm re¬ 
peater can be ordered from dealers on 
the common 12-MHz input/output 
pairs, or converted to that spacing by 
a crystal change. He also suggests 
using Belden 9913 coaxial cable for 
23-cm feedline. Thanks for the sugges¬ 
tions Tom! 

questions and answers? 

I've had some queries about devot¬ 
ing a portion of each notebook to 
questions and answers. Are there 
some particularly nagging mysteries 
that this column could clear up? What 
do you think. Novices and Elmers? I'll 
be glad to hear from you. 

ham radio 
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AKA 

Pk-232 

PAKRATT 

$309 


'adiptiL 


KENWOOI) 

SKK THE NEW 
POCKET PORTABLE 

TH-25AT 

FOR THE HAM 
WHO WANTS A 
C OM FAC I 
HANDHEt I) 


NEW ENGLAND'S FACTORY- 
AUTHORIZED SALES & SERVICE 
FOR 

KENWOOD ETHcoiv 

Msn displaying the popular accessories needed to complete a HAM STATION . 

ARRI. PUBLICATIONS • AKA PRODUCTS • AMPHENOL 
• ALPHA DELTA • ASTRON • AUSTIN ANTENNAS • AVAN 11 
- BELDEN • BENCHER • B & \\ • I)AIWA • ALINCO 


• III SI LKR • KIM • LARSEN • MIRAGE. • ROIIN 


lELEX/HY-GAIN • TOKYO HY-POWER LABS 


I RAC KEYERS • VTBROPLEX • WEI./ • ETC 


OPEN SIX DAYS A WEEK 


Telephone 617/486-3400, 3040 

675 Great Rd., (Rte. 119) Littleton, MA 01460 
VI * miles from Rte. 495 (Exit 31) toward Groton, Mass. 


The World’s Most Advanced 
Antenna System. 
DJ2UT Trapless Beams 


5DM/MER 


H.J. TheilerCorp. 
P.O. Bo* 5369 
Spartanburg, SC 29304 
(803) 576-5566 


1988 RADIO AMATEUR CALLB00KS 
NORTH AMERCIAN EDITION $24.95 
INTERNATIONAL EDITION $26.95. 

(Please acici S3 50 for snipping) 

BlIV Both SPECIAL JUST 46.90 
SAVE $5 

HAM RADIO $ BOOKSTORE GREENVILLE NH 03048 
(6031878-1441 


Measure Up With Coaxial Dynamics 
Model 83500 Digital Wattmeter 

The "Generation Gap" is tilled with the "new" EXPEDITOR, the 
microprocessor based R.F. AnaDigit System 
The EXPEDITOR power computer, .you make the demands, it fills 
the requirements. 

• Programmable forward AND reflected 
power ranges. 

• Can be used with the elements you 
now have. 

• Compatible with all Coaxial Dynamics 
line sizes and power ranges. 

• 18 scales from 100 mW to 50 kW. 

Contact us for your nearest authorized 
Coaxial Dynamics representative or 
distributor in our world-wide sales 
network. 


COAXIAL 
DYNAMICS, INC. 

15210 Industrial Parkway 
Cleveland. Ohio 44135 
218-267-2233 1-800-COAXIAL 
Telex: 98-0630 

Service and Dependability.. .A Part of Every Product 


l' 289 


















here is the next generation Repeater 

2 meters - 220 - 440 


MARK 4CR 


The only repeaters and controllers 
with REAL SPEECH! 


No other repeaters or controllers match 
Mark 4 in capability and features. That's 
why Mark 4 is the performance leader at 
amateur and commercial repeater sites 
around the world. Only Mark 4 gives you 
Message MasterTM real speech • voice 
readout of received signal strength, 
deviation, and frequency error • 4- 
channel receiver voting • clock time 
announcements and function control • 7- 
helical filter receiver • extensive phone 
patch functions Unlike others, Mark 4 
even includes power supply and a 
handsome cabinet. 

Call or write for specifications on the 
repeater, controller, and receiver winners. 

See us at DAYTON 
Booths 106, 107, 108 




Create messages just by talking. Speak any phrases or 
words in any languages or dialect and your own voice 
is stored instantly in solid-state memory. Perfect for 
emergency warnings, club news bulletins, and DX 
alerts. Create unique ID and tail messages, and the 
ultimate in a real speech user mailbox — only with a 
Mark 4. 


MICRO CONTROL SPECIALTIES 

Division of Kendecom Inc. 

23 Elm Park. Groveland. MA 01834 (617) 372-3442 


TELEX 4932256 Kendecom 


617-373-7304 


P.O. Box 1111-H 
PLACENTIA, CA 92670 
■ 7144 - 632 - 7*721 


c»l‘ 

-it' 6 * 


< • 


IF YOU ARE INTO ELECTRONICS AND SAVING MONEY IS IM¬ 
PORTANT TO YOU, THEN YOU OWE IT TO YOURSELF TO TRY 
NUTS & VOLTS MAGAZINE. DISCOVER WHY THOUSANDS OF 
SMART PEOPLE NATIONWIDE TURN TO NUTS & VOLTS EACH 
MONTH TO MEET THEIR ELECTRONIC NEEDS. WHETHER 
YOU f RE BUYING, SELLING, OR JUST 
TRYING TO LOCATE THOSE UNIQUE 
OR HARD-TO-FIND ITEMS, FIND OUT 
HOW NUTS & VOLTS CAN HELP! 


-rrr ] subscribe today; [q£| 

CHECK MONEY ORDER VISA MC 

Name 

Address 

City 

State_Zip 

Card No._Exp Date 


CALL FOR AOVERTISINO INFORMATION 
DISTRIBUTOR INQUIRIES INVITED 


j Subscription Rates 

«! U 5 FUND 5 REQUIRED 

3rd Class Mail - 

USA 

One Year 

$10.00 

Two Years 

$18.00 

Lifetime 

$50.00 

1 1st Class Mail 

One Year USA 

$18.00 

Canada & Mexico 

$20.00 

Air Mail 

Foreign 1 Year 

$50 00 

Includes one FREE 40-word 

- Classified Ad 

- J 


A National Publication For The Buying And Selling Of Electronic Equipment 
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•FM EXCITERS: sgtfU* 

Kits $99. W/t $ 179. 2W ^ V yjgft- 

continuous duty. TCXO& ^A\’^ ;v *?rn' ,wnfl 

xtal oven options available. . '/4 y "“A Hj&t/fcflT SKXk/ 

•TA51 for 10M, 6M. 2M. v\’t4»7'>^2 | A' 

1 St-174, 220 MHz. 'V% 

•TA451 for uhf. -- 

FCC type accepted for commercial bands. *- Zj 

•Call for latest information on 900 MHz transmitters. 

•VHF & UHF AMPLIFIERS. For FM. SSB. ATV. Output from 10 
to 50 Watts. Several models, kits starting at $79. 


•R144/R22#FM RECEIVERS for 2M, / 

150-174, or 2^0 MHz. GaAs FET I 

front end. 0.12uV sensitivity! I / 

Both crystal & ceramic 

filters plus helical resonator jfijtrfffl ^*nJp c %fe~'/ 

front end for exceptional / 

selectivity: > 100dB at ± 12kHz 
(best available anywhere)’ /^vOlSr^ 

Rutter-proof squelch. AFC tracks t fcwvjf 

drifting transmitters. {/ ~ff- - ZJ 

Kit $149, w/t $229. * 

•R451 UHF FM RCVR. Similar to above Tuned line front end. 
0 25uV sens. (0.1uV with optional hel. res. preamp). Kit $149, 
w/t $229. 

•R901 FM RCVR FOR 900 MHZ. Triple conversion. GaAs FET front 
end. 0.2uV sens. Kit $169, w/t $259 

•R76 ECONOMY VHF FM RCVR for 10M, 6M. 2M. 220 Without hel 
resorafc. Kits only $129. 

•Weather satellite & AM Aircraft receivers also avail. 


FCC TYPE-ACCEPTED TRANSMITTERS & RECEIVERS AVAILABLE 
FOR HIGH-BAND AND UHF. CALL FOR DETAILS. 


•FM EXCITERS: szgtfU* 

Kits $99. W/t $179. 2W 

continuous duty. TCXO& ^A\’^ ;v *?rn' ,Wnfi 

xtal oven options available. . C sSStWI 

•TA51 for 10M. 6M. 2M. v\’t4»7'>^2 | A' 

150-174, 220 MHz. 2^ #$>*' XYWL 

•TA451 for uhf. --— 

FCC type accepted for commercial bands. *- ZJ 

•Call tor latest information on 900 MHz transmitters. 

•VHF & UHF AMPLIFIERS. For FM. SSB. ATV. Output from 10 
to 50 Watts. Several models, kits starting at $79. 


•R144/R220 FM RECEIVERS for 2M 

150-174, or 230 MHz, GaAs FET 
front end, 0.12uV sensitivity! 

Both crystal & ceramic 
filters plus helical resonator 
front end for exceptional 
selectivity: > 100dB at ± 12kHz ‘ 

(best available anywhere)! , 

Rutter-proof squelch. AFC tracks 4 
drifting transmitters. 


•COR-3 Kit Control ckts and 
audio mixers needed to make a 
repeater Tail & time-out timers, 
local spkr ampl. courtesy beep 
$49 

•CWIDKit Field programmable, 
timers, the works $59 

• TD-2 DTMF DECODER/ 

CONTROLLER Kit Full 16 digits, 
switches 5 functions, toll call 
restrictor, programmable, much 
more Great for selective calling 
too 1 $79 

• AP-3 AUTOPATCH Kit Use 
with above for repeater auto¬ 
patch Reverse patch and phone 
line remote control std $79 
•AP-2 SIMPLEX AUTOPATCH 
TIMING BOARD Kit. Use with 
above for simplex autopatch 

$39 

•MO-202 FSK DATA 
MODULATOR Kit Run up to 
1200 baud digital signals 
through any fm transmitter with 
full handshakes. Radio link 
computers, telemetry gear, 
etc $39 

•DE-202 FSK DATA 
DEMODULATOR Kit for rcvr end 
of link $39 


THE MOST AFFORDABLE 

REPEATER 

ALSO HAS THE MOST IMPRESSIVE 
PERFORMANCE FEATURES 

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!) 


KIT, ONLY $675 
WIRED $975 
VHF OR UHF 


FEATURES: —I 

• SENSITIVITY SECOND TO NONE! GaAsFET front end on vhf 

models gives 12dB SINAD of 0 12uV (vhf). 0 15uV (220). UHF model 
0.25uV std. 0. luV with optional helical resonator preamp 
•SELECTIVITY THAT CAN'T BE BEAT! Both 8-pole xtal filter & 
ceramic filter for > 100dB at only ± 12kHz. Helical resonator front 
end to combat desense & intermod. 

•CLEAN. STABLE TRANSMITTER, up to 18W output standard; 50W 
with accessory power amplifier. 

•FCC TYPE ACCEPTED for commercial high band and uhf. 

•Courtesy beep, field-programmable CWID, flutter-proof squelch, 
automatic frequency control to compensate for off-frequency trans¬ 
mitters (all standard features). 

•Full range of options available, such as autopatch, phone line or 
radio remote control, sub-audible tones, duplexers. 


HIGH PERFORMANCE TRANSMITTERS 
& RECEIVERS FOR REPEATERS 
AUDIO & DIGITAL LINKS, TELEMETRY, ETC. 


GaAs FET PREAMPS 

at a fraction of the cost 
comparable units! 


?> (2 


LNG -(*) 

GaAs FET / 
PREAMP / 

ONLY $59! 

Wired/tested 


FEATURES: 

•Very Low Noise: 0 7dB VHF, 0 8dB UHF 
•High Gain: 13-20dB. depending on frequency 
•Wide Dynamic Range: to resist overload 
•Stable: new type dual gate GaAs FET 

• Specify tuning range desired 26-30. 46-56. 
137 150. 150-172. 210 230. 400-470 or 
800 960 MHz 


LNW -(*) 

% MINIATURE 
GaAs FET 
PREAMP 

ONLY$24/klt. 
$39 Wired /tested 

GaAs FET Preamp 

similar to LNG. except designed tor low cost 
& small size Only 5/8 "W x 15/8'L x 3/4’H 
Easily mounts in many radios. 

• Specify tuning range desired 25 35. 35 55. 
55 90. 90120. 120150 150 200 200 270. 
or 400 500 MH! 


HIGH-SPEED 
DIGITAL RF 
LIHKS 


You've waited a long time for a 
simple, reliable, low-cost 9600 
baud PACKET NETWORKING 
system. Now you've got it! Our 
new MO-96 MODEM and direct 
FSK Transmitters and Receivers 
for 220 or 440 MHz interface 
directly with most TNC's. Fast 
diode switched PA's output 15 
or 50W Call for complete info 
on the right system for your 
application. 


ACCESSORIES 


LNS-(*) 

IN-LINE r 
PREAMP L 


ONLY $79/kit. . ""'-T 

$99 Wired/tested 

GaAs FET Preamp with features similar to LNG 
series, except automatically switches out of 
line during transmit. Use with base or mobile 
transceivers up to 25W 

•Specify tuning range desired 120 1 75. 
200 240. or 400 500 MHs 


RECEIVING 

CONVERTERS 


HELICAL RESONATOR 
PREAMPS 


Low noise preamps with helical resonators 

reduce intermod & cross-band interference in 
critical applications. 

MODEL HRA-I *). $49 vhf. S84 uhf 

' Specify tuning range desired 143 150 150 
158 158 162 162 174. 213 233 420-450. 
450 465. or 465-4 75 MH / 


MODELS 


14$ 147 

3a 30 

HU with Cam 

$59 

US l«0 

21 30 

Kit (•«« Ca$* 

$39 

220 372 
220 274 

30 30 

to *4 

Wired w/cave 

$89 

727 27* 

70 30 

UHF MODELS 


413 4 14 

2a jo 

Kit with Case 

$€9 

4)Mlf 

* i. « ir- 

3a 30 
144 141 

Kit lest Case 

$49 


50 54 

Wired w/case 

$99 

4N 24 
003 020 

• 1 24 
422 440 



«02 «22 

430490 

See catalog tor full line ot 2w transmitting 

converters tor vhf A uhf Hits only S 79 

Linear Amplifiers avail up to 50 w 


• Send $1 for 36 page catalog by return mail. 

(S®nd $2.00 or 4 IRC'* tor ovareaa* mailing) 

•Order by a phone or mall • Min $3 S & H per order 
•U»e Visa, Mastercard, Check, or UPS COD. 


> 28th Anniversary 


hamlromcs, me. 

65-H MOUL ROAD •HILTON NY 14468-9535 
Phone:716-392-9430 













Early Reservation Information 


April 29, 30, May 1, 1988 


• Giant 3 day flea market • Exhibits 

• License exams • Free bus service 

• CW proficiency test • Door prizes 

Flea market tickets and grand banquet tickets are 
limited. Place your reservations early, please. 

Flea Market Tickets 

A maximum of 3 spaces per person (non-transferable). 
Tickets (valid all 3 days) will be sold IM ADVAMCE 
OMLY. Mo spaces sold at gate. Vendors MUST order 
registration ticket when ordering flea market spaces. 

Special Awards 

nominations are requested for ’Radio Amateur of the 
Year’. 'Special Achievement' and 'Technical 
Achievement' awards. Contact; Hamvention Awards 
Chairman, Box 964, Dayton. OH 45401. 

License Exams 

Movice thru Extra exams scheduled Saturday and 
Sunday by appointment only. Send FCC fonn 610 
(Aug. 1985 or later) - with requested elements 
indicated at top of form, copy of present license and 
check for $4.35 (payable to ARRL/VEC) to: Exam 
Registration. 8830 Windbluff Point, Dayton, OH 
45458 


Hamvention Video 

VHS video presentation about the HAMVEMTIOM is 
available for loan. Contact Dick Miller, 2853 La 
Cresta. Beavercreek, OH 45324 

1988 Deadlines 

Award nominations: March 15 
Lodging: April 2 
License Exams: March 26 
Advance Registration and banquet: 

USA - April 4 Canada - March 31 
Elea Market Space: 

Orders will not be processed before January 1 
Information 

General Information: (513)433-7720 
or. Box 2205, Dayton, OH 45401 
Flea Market Information: (513) 898-887 1 
Lodging Information: (513) 223-2612 
(no Reservations By Phone) 

Lodging 

Reservations received after Housing Bureau room 
blocks are filled will be returned along with a list of 
hotel/motels located in the surrounding areas of 
Dayton. The reservation will then become the 
responsibility of the individual. 


HAMVENTION is sponsored by the Dayton Amateur Radio Association Inc. 


Lodging Reservation Form 

Dayton Hamvention - April 29, 30, May 1. 1988 
Reservation Deadline - April 2. 1988 


Marne_ 

Address_ 

City_State_Zip 

Phone_ 

Arrival Date_ 

( ) Before 6 pm ( ) After 6 pm 
Departure Date_ 



Rooms: l ) Single ( ) Double (1 bed, 2 persons) 
( ) Double Double (2 beds, 2 persons) 


Deposit required - Room deposit must be paid directly to 
the hotel or motel by date shown on the confirmation form 
sent to you. Use canceled check for confirmation. 


Mail to - Lodging,Dayton Hamvention, 1880 Kettering 
Tower, Dayton. OH 45423-1880 


Advance Registration Form 

Dayton Hamvention 1988 

Reservation Deadline - USA-April 4, Canada-March 31 
Marne_ 


Address 


City_State_Zip _ 

How Many 

Admission _ @ $8.00* $. 

(valid all 3 days) 

Grand Banquet _ @$16.00** $. 

Women s Luncheon 

(Saturday) _ @ $6.75 $ 

(Sunday) _ @$6.75 $. 

Flea Market _ $23/1 space 

(Max. 3 spaces) $50/2 adjacent 

Admission ticket must $ 150/3 adjacent $. 
be ordered with flea market tickets Total $. 


* $ 10.00 at door * * $ 18.00 at door. If available 


Make checks payable and mail S.A.S.E. to - 
Dayton Hamvention, Box 2205, Dayton, OH 45401 


I 
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HIPERFORMANCE DIPOLES 


Slocking all major lines San Antonio's 
Ham Store Great Prices—Great Service 
Factory authorized sales and service 
Hours M-F 10-6, SAT 9-3 


Amateur Radio Division 
5707A Mobud 
San Antonio, TX 78238 

Telephone: 512-680-6110 




ham m _ 

radio m 

magazine 


AND RENEW 


TOLL-FREE 


OUR 800 NUMBER IS FOR SUBSCRIPTION ORDERS ONL Y! 

For Errors or Change of Address CALL ham radio 


3 YRS - $49.95 

Prices U.S. only 


Weekdays 8 AM - 9 PM EST • Saturdays 9 AM - 5 PM EST 
IN MAINE CALL COLLECT (207) 236-2896 


□ MASTERCARD 
□ VISA □ BILL ME 


Please have your charge card ready. 


1 YR - $22.95 2YRS - $38.95 


Six Function DTMF Controller 

Auto-Kail 
AK-4 


Ao?o Kau 4k-4 


i Outputs 2 or 3 latched 1 or 2 momentary 1 timed and i 
manually reset group-call latched tor remote alarm 
» Oittfrint codes tor turning outputs on/ott NOT toggli on/off like 
most others' • Wrona number reset 
► 4 digit acess code can use • up • down 
i Multiple group-call response • On board 1 amp relay 


MoTron e©] S6 " 5 

Flprtrnnirs J89 95 

Lluull UlllUO AK 4i ii.n'Mjiiffir unit in nietal 

695 W 21St AVG. ' iJCk built i" 

EuQGfiG OR 97405 ■p**** «•** . $139.95 

y * P»u4 S3 oq stopping * toimjling 

Call Tell Freel -800-338-9058 or (503)687 2118 


KENWOOD 

Y£\@@y _ w 

Era icom 


DATATEL8OTT 

800 - 341-1522 
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MODEL PT2500A LINEAR AMPLIFIER 

Ihe Barker & Williamson PT2500A Linear Ampli 
tier is a completely self-contained table-top 
unit designed tot continuous SSB. CW RTTY 
AM ot AIV operation Intended tot coverage 
of all amateur bands between 1 8 MHz and 
21 MHz. It con be readily modified tor fre 
quencies outside the amateur bands for 
commercial or military application two type 
B500z glass envelope triodes provide reliability 
and rapid turrvon time 

FEATURES INCLUDE 

• Full 1500 watt output 

• PI network input for maulmum drive 

• Pressurized plenum cooling system 

• DC antennarebytor hunrvtreeoporation 

• Illuminated SWR and power meters 

• Vernier tuning for accurate settings 

• PI L oulput tor greater harmonic 
attenuation 

Ruggedly constructed ot proven design, this 
amplifier reflects Ihe manufacturer s critical 
attention to details such as the silver plated 
tank coil for maximum efficiency Cathode 
zener fuse and internal/external cooling are 
among the protective and safety devices 
employed Input and output impedances 
are 50 ohms 

Dimensions 17 wide x 19" deep x 8 ’ ’ % high 
Weight 80 lbs (shipped in 3 cartons to meet 
UPS requirements) 

Price 2175 00 FOB factory Price 

Includes one year limited warranty 
Call or wnte factory for complete speci 
fications 


ts °o*i I 


MODEL VS1500A ANTENNA COUPLER 

The Barker 8 Williamson VS1500A antenna 
coupler is designed lo match virtually any 
receiver transmitter or transceiver in the 160 
to 10 meter range (1 8 to 30 MHz) with up to 
1500 watts RF power to almost any antenna 
including dipoles, inverted vees, verticals, 
mobile whips beams, random wirer and 
others ted by coax cable, batanced lines or 
a single wire A 14 balun Is bull! in tor 
connection to balanced lines 
FEATURES INCLUDE 

• Series parallel copacitor connection 
for greater harmonic attenuation 

• In-circuit wattmeter for continuous 
monitoring 

• Vernier tuning for easy adiustment 
Front panel switching allows rapid selection 
ot antennas or to an external dummy load, 
or permits bypassing the tuner 

Dimension (Approx) 11' wide x 13' deep 
x 6' high 

Weight 6*6 lbs 

Price 499 00 FOBFaclory Fully warranted 
tor one year 

*i uuo maxes maw »• us» 

4?Rri BARKER A WILLIAMSON 

QuoMy Common* aton Prc-3i.cn Snca 1937 
AI vouf L'tataCxjtcn ww*® o* Col' 
mm tOConoiS^®** k«i*ot low- sapp 

W (215) 788-5581 mSim 
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MISSOURI 

RADIO CENTER 1-8UIHM1-AW3 


KENWOOD 


TS440S "DX-CITING" 

• 100% Duly Cycle 

• 100 Memories 

• Direct Keyboard Entry 

• Optional Built-in AT 

On Sale Now, Call for Price! 


[33JW75T5Til 


TS-140S AFFORDABLE OX ing! 

• HF Transceiver With 
General Coverage Receiver 

• All HF Amateur Bands 

• 100 W Output 

• Compact, Lots of Features 


KENWOOD 


r 




TM-221A 

• 2m FM Mobile Transceiver 

• 45W Output w/HILo Switch 

• 14 Multi-Function Memories 

• TM-421A Available For 
440 MHz 


KENWOOD 

TH-25AT 

POCKET-SIZED 

I AND POWERFUL 

• Frequency Cover¬ 
age: 141-163 MHz 
(Rx), 144-148MHZ 
(Tx) 

• Front Panel DTMF 
Pad 

• 5 Watts Output 
• 14 Memories 
• TH-45AT Available 
■- for 440 MHz 



HF/VHF/UHF 
BASE STATION 


FT-767GX basest 

• Add Optional 6m, 2m & 
70cm Modules 

• Dual VFO's 

• Full CW Break-In 

• Lots More Features 


. , „ ' 


FT-736R VHFUHF base STATION 

• SSB. CW, FM on 2 Meters 
and 70 cm 

• Optional 50 MHz, 220 MHz or 
1 2 GHz 

• 25 Watts Output on 2 Meters, 
220 and 70 cm 

• 10 Watts Output on 6 Meters 
and 1.2 GHz *100 Memories 





FT23/73R 

• Super 'Mini" 
HT's 

• Zinc-Aluminum 
Alloy Case 

• 10 Memories 

• 140-164 MHz, 
440-450 MHz 

|» 2W Battery 
Pack or 
Optional 
5W Pack 




■ ... ll—J ■) 
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IC-761 NEWEST HF SUPER RIG 

• 160-10M/General Coverage 
Receiver 

• Built-in Power Supply and 
Automatic Antenna Tuner 

• SSB, CW, FM, AM. RTTY 

• OSK to 60 WPM 

ALD-24T DUAL BAND MOBILE 

• 140-149 995 MHz/ 440-450 MHz 

• 25 Watts on Both Bands 

• Crossband Full Duplex 

• 21 Memory Channels 

• CTCSS Encoder/Decoder. 
Standard 


|(#)ll(»{0 ' ( 1 ! 

^concept/ 

r | 

2m and 220 MHz Amplifiers 
GaAsFET Receive Pre-Amps 
and High SWR Shutdown 
Protection 

144 MHz S 

MODEL A 

2 23 2 in/30 out L 

2-217 2lni170out E 

2-117 I0in/170oul „ 

220 MHz r 

3 22 2ln/20oul 1 

2- 211 2 inti 10 out C 

3- 312 30inl120out E 

CALL D 

IC-735 COMPACT HF TRANSCEIVER 

• All HF Band/General 

Coverage Receiver 

• 12 Memories/Frequency and 

Mode 

• USB. LSB.AM.FM.CW 

• 100 Watts Output 

• Includes HM-12 Scanning Mic 


smhbk o 


FT-212RH 

THE ANSWERING MACHINE" MOBILE 

• Rx: 138-174 MHz 

• Tx: 144 148 MHz 

• 45W Output 

• Digital Voice Recorder 

• FT 712 RH for 70cm 



IC-900 Six BANDS IN ONE MOBILE 

• Remote Controller, Interface 
A Unit. Interface B Unit. 
Speaker, Mic and Cables 

• Six Band Units to Choose 

• 10 Memories Per Band 

• Programmable Band Scan 

• Fiberoptic Technology 


IC-/r2AT 

IC-/<4AT 

MICRO HTS 
FOR 2M 440 

> Pocket Size HT Fun 

> Ten Memories 

> LCD Readout 

■ Wideband Coverage 

■ Up to 3 Watts Output 
' 32 Built-in 

Subaudible Tones 


ASTROIM 

CORPORATION 



I Power 
Supply 


• RS7A $48 *RS35M..S149 

• RS12A $68 • VS35M $165 

• RS20A . . $88 • RS50A . $189 

• RS20M $105 • RS50M . . $215 

• VS20M $125 • RM50A. . $219 

• RS35A . $133 • VS50M $229 


PK-64/HFM 

• Morse, Baudot, ASCII, AMTOR 
and Packet 

• Operates VHF and HF 

• You Need Only Your Transceiver 
and a Commodore 64 or 128 

SPECIAL! FINAL CLEARANCE 

$ 149.95 Limited Supply 


• MOST ORDERS SHIPPED SAME DAY • 












































OPTOelectronics inc 



MasterCard 


FREQUENCY 

COUNTERS 


8 LED DIGITS - 2 GATE TIMES 
ANODIZED ALUMINUM CABINET 
INTERNAL NI-CAD BATTERIES INCLUDED 
AC ADAPTER/CHARGER INCLUDED 


#TA-100S 


EXCELLENT SENSITIVITY 
& ACCURACY 


AC-DC • PORTABLE 
^ OPERATION 


1 I • ■ "AC 1200 

1 I W ^7 AC ADAPTER 

^ ^ Q|_j2 ' ‘ CHARGER 

Small enough to fit into a shirt pocket, our new 12 GHz and 1.3 GHz, 8 digit frequency counters are not toysl 
They can actually out perform units many times their size and price! Included are rechargeable Ni-Cad batteries 
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC 
adapter/charger supplied with the unit. 

The excellent sensitivity of the I200H makes it ideal for use with the telescoping RF pick-up antenna, 
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
firefighters. Ham. taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden 
"bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe 
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmit¬ 
ters, signal generators and other devices to accurately monitor frequency. 

The size, price and performance of these new instruments make them indispensible for technicians, engineers, j 
schools. Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others, j. 


Model I200H in kit form. 1-1200 MHz counter complete including 
all parts, cabinet, Ni-Cad batteries. AC adapter-battery charger and 
instructions . .* 

Model I200H factory assembled 1-1200 MHz counter, tested and 
calibrated, complete including Ni-Cad batteries and AC adapter/battery 

charger . M 

Model I300H factory assembled 1-1300 MHz counter, tested and 
calibrated, complete including Ni-Cad batteries and AC adapter/battery 

charger .. *1 


# 1200HC 


#1300HC 


#TA-100S Telescoping RF pick-up antenna with BNC connector . 

#P-100 Probe, direct connection 50 ohm, BNC connector 

#CC-70 Carrying case, black vinyl with zipper opening Will hold a counter and 
accessories . 

ORDER FACTORY DIRECT ^ 

FLA (305) 771-2050 1-800-327-5912 rn 


AVAILABLE NOW I 


OPTOvIvctronics inc 

5821 N.E. 14th Avenue 
Ft. Lauderdale, Florida 33334 


Orders to US and Canada add 5% of total (S2 min.. S10 max) 
Florida residents add 5% sales tax. COD fee $2 









“They said I couldn’t work 
DX with just 100 watts. Espe 
dally with a radio that has 
less than 1000 switches on the 
front panel. 

But the truth is, I'm working 
lots of DX, more than some of 
these blockbuster types, thanks 
to my Yaesu FT-747GX. 

You see. my no-nonsense 
FT-747GX was designed with 
me in mind, so 1 can hop around 
the band tisl to nail those DX 
stat ions. While the other guys are 
warming up their amplifiers, I'm 
working the new country! 

My FT-747GX has a super 
receiver, with a directly driven 
mixer for great overload pro 
lection. And, Yaesu included the 
CW filter in the purchase price 


(I used the money I saved on post 
age for the QSL cards!). 

And my FT747GX is loaded 
with other features. The receiver 
works from 100 kHz straight 
through to 00 MHz, and it’s a 
fantastic shortwave broadcast 
receiver. I can use all twenty 
memories for that alone! Plus it’s 
got dual YFOs. A noise blanker. 
Split frequency operation for the 
pile ups. And scanning up the 
band helps me check out open 
ingsas they happen. 

I just put in the optional 
crystal oven, and next month I’m 
going to pick up the FM board. 

I can’t wait to tell my buddies I 
worked England on a repeater! 

And with tin* money I saved 
when I bought my FT-747GX, I got 


a second ten meter antenna for 
satellite work on the high end of 
the band. I use my personal com¬ 
puter to tell me w hat satellites are 
going by, and tin* computer even 
sets the frequencies on the radio 
for me. 

Now my friends are getting 
FT-747GX rigs, too. I knew they’d 
figure out my secret weapon 
sooner or later. But now I’m set 
ting the pace! 

Thanks, Yaesu. You’ve made a 
rig that makes sense" 

Yaesu I’SA IT2IH Kdwanls kiail.i •*mins.t"AIH 1711 I 
(2M> HU 27110 RepairService: 1 Jit 1 101 ISM 
Parts: ('Jl.'tl HU 4847 Priors ami s|Krifu alirms 
subject to child#'without notice 



“They laughed when they saw my radio. 
Then they saw my logbook.” 
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KENWOOD 

. pacesetter in Amateur Radio 





TS-940S 

Competition class 
HF transceiver 

TS-940S-the standard of 
performance by which all 
other transceivers are judged. 
Pushing the state-of-the-art 
in HF transceiver design and 
construction, no one has been 
able to match the TS-940S in 
performance, value and reli¬ 
ability. The product reviews 
glow with superlatives, and 
the field-proven performance 
shows that the TS-940S is 
"The Number One Rated HF 
Transceiver!" 

• 100 0 'o duty cycle transmitter. 

Kenwood specifies transmit duty 

k time. 

anteed lo operate at lull power 

: exceeding 

one hour, il-l 250 MHz.r W. 110 
watts.) Perfect lot RTTY, SSTV. 
and other long duration modes 

• First with a full one-year 
limited warranty. 

• Extremely stable phase lock 
ed loop (PLL) VFO. Reference 
frequency accuracy is measured 

parts per million! 


1) CW Variable Bandwidth tuning Vary the 
passband width uonlinuously in th> CW FSK 
and AM modes without niter ting the centei 
tieqoency Ibis ellertivuly minimizes QRM 
Iron! nearby SSB and CW signals 

2) AF Tune Enabled with the push nl a button 
this CW rnterlerence lighter inserts a tun 
able three pole active litter bi t ween the SSB/ 
CW demodulator and the audio amplifier Dur 
ing CW OSOs this control can be used to 
leduce interfering signals and noise and 
peaks audio frequency response lot optimum 
CWpeitoimance 


3) SSB Slope Tuning Operating in the LSBand 
USB modes this Iron! panel control allow 
independent continuously vanahlead|iist 
mentottbehighorlowliequencyslopesollhe 
IF passband The ECU sub display illustrates 
Ihe tillering position 

4) IF Notch Filter the tunable notch liltei 
sharply attenuates mleiteung signals by as 
much as 40 dB As shown here Ihe interfering 
signal is reduced while Ihe desired signal 
remains unaffected Ihe notch filter woiks in 
all modes except FM 


• Complete all band, all mode 
transceiver with general 
coverage receiver Receiver 
covers 150 kHz-30 MHz All 
modes built in AM. FM, CW FSK, 
I SB, USB 

• Superb, human engineered 
front panel layout for the 
OX-minded or contesting 
ham. Large fluoiescent lube 
main display with dimmer direct 
keyboard input ol frequency 
llywheel type main tuning knot) 
with optical encoder mechanism 
all combine to make Ihe TS 940S 
a |oy lo operate 

• One-touch frequency check 
(T-F SET) during split 
operations. 

• Unique LCD sub display indi¬ 
cates VFO. graphic indication 
of VBT and SSB Slope tuning, 
and time. 

• Simple one step mode chang¬ 
ing with CW announcement. 

• Other vital operating func¬ 
tions. Selectable semi or lull 
break in CW (QSK). RIT/XIT.all 
mode squelr h RF attenuator, filter 
select switch, selectable AGC. 

CW variable pitch control, speech 
processor.and RF power ouIejuI 
control programmable band 
scan or 40 channel memory scan 


CW VBT 


Inliffynog 

signal 

(CW) ’ 


Desired 

signals 

(CW) 

| Interfering 
, signals 

- (SSB) 


CW VBT 


2 A Desired signal 

Interfering / \ 


•i»n»l v 


lA Noise 

AMU 




AF signal spectrum 

AF tune operation 


elhp AF TUNE tunc lion fedut*r‘. 

interfering signals and white noise 
eiius function should ority be used 
during operation m the CW mode 


Interfering signal 


Optional accessories: 

• AT 940 lull tango (160-10m) automatic 
antenna tuner • SP 940 external speaker 
with audio filtering • YG 455C.-1 (500 Hz) 

Y(i 455CN 1 (250 H/>. YK 88C 1 (500 I tzt CW 
fillets YK 88A 1 (6 klt/l AM tiller • VS 1 voice 
synthesizer • SO 1 temperature 11 'mpensaled 

. mf.lrtr if’,,, ,l .i'i: .n iu ,?■<«• f, .< ,,u ijlf.iir.. 

M. i ,r.. imiiii ■« .,,|i/i?i Mi ■ •i.iuiji'.»aru 


i lystal os' illator • MC 43S UP/DOWN hand 
mu. • MC 60A, MC 80. MC 85 deluxe base 
station urn s • PC 1A phone patch • ft. 922A 
linear amplifier • SM 220 station monitor 
• BS 8 pan display • SW-200Aand SW 2000 
SWR and power meters • IF 232C/IF-10B 
cotnpulei inlet face 


KENWOOD 




KENWOOD U.S.A. CORPORATION 

2201F Dominguez SI l ong Beach, CA 90810 
PO Box 22745. Long Beach. CA 90801-5745 













